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Rapport in het kort

Milieurisicogrenzen voor enkele fosfaatesters, met mogelijke toepassing als
brandvertrager

Voor een aantal fosfaatesters, die mogelijk als vlamvertrager gebruikt worden, zijn Maximaal
Toelaatbaar Risiconiveaus (MTR), Verwaarloosbaar Risiconiveaus (VR) en Ernstig
Risiconiveaus (EReco, Engelse afkorting SRC,,) afgeleid. Deze milieurisicogrenzen zijn
afgeleid voor de compartimenten water, bodem, en lucht en zijn gebaseerd op
ecotoxicologische gegevens voor met name het aquatische milieu. Het gaat om de volgende
stoffen: TCEP (tris(2-chloorethyl)fosfaat), TCPP (tris(1-chloor-2-propyl)fosfaat), TDCP
(tris(1,3-dichloor-2-propyl)fosfaat), TBP (tri-n-butyl fosfaat), TiBP (tri-iso-butyl fosfaat),
TEP (triethyl fosfaat), TBEP (tris(butoxyethyl) fosfaat), TEHP (tris(2-ethylhexyl) fosfaat),
TPP (trifenylfosfaat) en TCP (tricresylfosfaat). Meetgegevens voor Nederland (1989,
1999-2004) laten zien dat voor de meeste fosfaatesters de concentraties in oppervlaktewater
rond het VR liggen. Alleen voor TPP blijkt dat concentraties in oppervlaktewater af en toe het
MTR overschrijden.

Trefwoorden: milieurisicogrenzen; fosfaatesters; vlamvertragers; maximaal toelaatbaar
risiconiveau; ernstig risiconiveau, verwaarloosbaar risiconiveau
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Abstract

Environmental Risk Limits for several phosphate esters, with possible application as
flame retardant

Maximum Permissible Concentrations (MPC), Negligible Concentrations (NC) and Serious
Risk Concentrations (SRCq,) are derived for a number of phosphate esters that are possibly
used as flame retardant. These environmental risk limits were derived for the compartments
water, soil, and sediment on basis of ecotoxicological data for the aquatic environment in
particular. The substances that were evaluated in this study were: TCEP (tris (2-chloroethyl)
phosphate), TCPP (tris(2-chloro-1-methylethyl) phosphate), TDCP (tris(1,3-dichloro-2-
propyl) phosphate), TBP (tri-n-butyl phosphate), TiBP (tri-iso-butyl phosphate), TEP (triethyl
phosphate), TBEP (tris(2-butoxyethyl) phosphate), TEHP (tris(2-ethylhexyl) phosphate), TPP
(triphenyl phosphate), and TCP (tricresyl phosphate). Monitoring data for the Netherlands
(1989, 1999-2004) show that for most phosphate esters the concentrations in surface water are
around the NC values. It appears that only concentrations of TPP sometimes exceed the MPC
value.

Keywords: environmental risk limits; phosphate esters; flame retardants; maximum
permissible concentration; serious risk concentration
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Samenvatting

In dit rapport zijn Maximaal Toelaatbaar Risiconiveaus (MTRs), Verwaarloosbaar
Risiconiveaus (VRs) en ecotoxicologische Ernstig Risiconiveaus (ERccos ) afgeleid voor
fosfaatester verbindingen, die mogelijk gebruikt worden als vlamvertragers.

De genoemde milieurisicogrenzen zijn afgeleid op basis van ecotoxicologische en
milieuchemische data en vormen aansluitend de wetenschappelijke basis voor
milieukwaliteitsnormen die worden vastgesteld door de Stuurgroep Stoffen.

De onderzochte stoffen zijn: TCEP (tris(2-chloorethyl)fosfaat), TCPP (tris(1-chloor-2-
propyl)fostfaat), TDCP (tris(1,3-dichloor-2-propyl)fosfaat), TBP (tri-n-butyl fosfaat), TiBP
(tri-iso-butyl fosfaat), TEP (triethyl fosfaat), TBEP (tris(butoxyethyl) fosfaat), TEHP (tris(2-
ethylhexyl) fosfaat), TPP (trifenylfosfaat) en TCP (tricresylfosfaat). Alleen toxiciteitsstudies
met eindpunten die gerelateerd zijn aan overleving, groei of reproductie zijn in beschouwing
genomen. Voor sediment, en meestal ook voor het compartiment bodem, zijn geen
toxiciteitsgegevens gevonden die bruikbaar zijn voor het afleiden van ER,, en MTR-
waarden. In dat geval zijn de ERpodem/sediment €0 MTRpodemysediment afgeleid met behulp van de
evenwichtspartitiemethode. Tabel 1 en tabel 2 tonen de afgeleide milieurisicogrenzen voor de
groep fosfaatesters.

Meetgegevens voor Nederland laten zien dat voor de gechloreerde en alkylfosfaatesters de
concentraties in oppervlaktewater rond het VR liggen. Alleen voor de arylfosfaatester TPP

blijkt dat concentraties in oppervlaktewater af en toe het MTR overschrijden.

Tabel 1. Milieurisicogrenzen voor fosfaatesters in zoet oppervlaktewater en zeewater (marien).

EReco, opgelost EReco, totaal MTRopgelost MTRtotaal VRopgelost VRtotsal MTRmarien

[mg/L] [mg/L] [ng/L] [ne/L] [ne/L] [ng/L] [ne/L]
TCEP | 8,6 8,6 ? : : : :
TCPP | 6,5 6,5 ? : : : :
TDCP | 0,52 0,54 ? : : : ?
TBP 1,1 1,1 66 66 0,66 0,66 6,6
TiBP | 3.4 34 11 11 0,11 0,11 1,1
TEP 110 110 1600 1600 16 16 160
TBEP | 2,9 2,9 13 13 0,13 0,13 13
TEHP b b b b b b b
TPP 0,060 0,062 0,16 0,17 0,0016 0,0017 0,016
TCP 0,031 0,031 0,032 0,033 0,00032 0,00033 0,0032
Opmerkingen:

a: MTR en VR worden afgeleid na publicatie van de EU-RAR (EC Regulation 793/93) van
betreffende stof.
b: milieurisicogrenzen konden niet worden afgeleid
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Tabel 2. Milieurisicogrenzen voor fosfaatesters in bodem en sediment.
EReco, bodem MTRbodem VRbodem EReco, sediment MTRsediment VRsediment
[mg/kgaw] [ng/kgaw] [mg/kgaw] [mg/kgaw] [mg/kgaw] [mg/kgaw]
TCEP | 28 2 a 74 a 2
TCPP | 9,7 ? ? 230 a a
TDCP | 13 2 a 380 a 2
TBP 88 530 53 90 5400 54
TiBP | 200 640 6,4 200 660 6,6
TEP 270 4100 41 460 6800 68
TBEP | 180 810 8,1 180 830 8,3
TEHP b b b b b b
TPP 35 95 0,95 35 95 0,95
TCP 8,6 8,9 0,089 8,6 9,0 0,090
Opmerkingen:

a: MTR en VR worden afgeleid na publicatie van de EU-RAR (EC Regulation 793/93) van
betreffende stof
b: milieurisicogrenzen konden niet worden afgeleid
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Summary

In this report Maximum Permissible Concentrations (MPCs), Negligible Concentrations
(NCs) and Serious Risk Concentrations for ecosystems (SRC.8) are derived for phosphate
ester compounds that are possibly used as flame retardants. These Environmental Risk Limits
(ERLs) are derived using data on (eco)toxicology and environmental chemistry and are the
scientific basis for Environmental Quality Standards set by the Steering Committee for
Substances.

The following compounds were evaluated: TCEP (tris(2-chloroethyl)phosphate), TCPP
(tris(1-chloro-2-propyl)phosphate), TDCP (tris(1,3-dichloro-2-propyl)phosphate), TBP (tri-n-
butyl phosphate), TiBP (tri-iso-butyl phosphate), TEP (triethyl phosphate), TBEP
(tris(butoxyethyl) phosphate), TEHP (tris(2-ethylhexyl) phosphate), TPP
(triphenylphosphate), and TCP (tricresylphosphate). Only toxicity studies with endpoints
related to survival, growth or reproduction are taken into account. For sediment, and in most
cases also for soil, no ecotoxicity data were retrieved that could be used for the derivation of
MPC of SRC,, values. In that case, the risk limits for soil and sediment were derived by
equilibrium partitioning. Table 1 and Table 2 contain an overview of the derived ERLSs.
Monitoring data for the Netherlands show that for chlorinated and alkyl phosphate ester the
concentration in surface water are around the NC values. It appears that only concentrations
of the aryl phosphate ester TPP sometimes exceed the MPC value.

Table 1. Environmental risk limits for phosphate esters in surface water.

SRCeco, dissolved SRC eco, total MPCdissolved MPCtotal NCdissolved NCtotal MPCmarine
[mg/L] [mg/L] [ne/L] [ne/L] [ne/L] [ne/L] [ne/L]
TCEP | 8.6 8.6 : : ¢ ! :
TCPP | 6.5 6.5 ? : : : ?
TDCP | 0.52 0.54 : ? : : :
TBP 1.1 1.1 66 66 0.66 0.66 54
TiBP | 3.4 34 11 11 0.11 0.11 6.6
TEP 110 110 1600 1600 16 16 68
TBEP | 2.9 2.9 13 13 0.13 0.13 8.3
TEHP b b b b b b b
TPP 0.060 0.062 0.16 0.17 0.0016 0.0017 0.95
TCP 0.031 0.031 0.032 0.033 0.00032 0.00033 0.090

Notes
a: MPC and NC to be derived when the EU-RAR (EC Regulation 793/93) is published
b: no ERLs could be derived
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Table 2. Environmental risk limits for phosphate esters in soil and sediment.

SRCeco, soil MPCsoil Ncsoil SRCeco, sediment MPCsedimem NCsedimenl
[mg/kgqw] [ng/Kgiw] [ng/Kgiw] [mg/kgqw] [ng/Kgiw] [ng/kgaw]
TCEP | 28 : : 74 : :
TCPP | 9.7 ? ? 230 ? :
TDCP | 13 : : 380 : :
TBP 88 530 53 90 5400 54
TiBP | 200 640 6.4 200 660 6.6
TEP 270 4100 41 460 6800 68
TBEP | 180 810 8.1 180 830 8.3
TEHP b b b b b b
TPP 35 95 0.95 35 95 0.95
TCP 8.6 8.9 0.089 8.6 9.0 0.090
Notes

a: MPC and NC to be derived when the EU-RAR (EC Regulation 793/93) is published
b: no ERLs could be derived
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1. Introduction

In this report ERLs are derived for several phosphate ester compounds, that are possibly used
as flame retardant. This report is a result in the project ‘International and National
Environmental Quality Standards for Substances in the Netherlands’. Until 1-1-2004 this
project was called ‘Setting Integrated Environmental Quality Standards’, abbreviated with
INS. The abbreviation INS is still used as acronym for the project. The most important change
with respect to content is that the guidance used to derive environmental risk limits is now the
Technical Guidance Document (TGD), issued by the European Commission and developed in
support of the risk assessment of new notified chemical substances, existing substances and
biocides (European Commission, 2003).
The aim of the project INS is to derive environmental risk limits (ERLs) for substances in the
environment for the compartments air, (ground)water, sediment and soil. Environmental risk
limits (ERLs) serve as advisory values to set environmental quality standards (EQS) by the
Steering Committee for Substances for various policy purposes. The term EQS is used to
designate all legally and non-legally binding standards that are used in Dutch environmental
policy and Table 3 shows the correspondence between ERLs and EQSs. The various ERLs
are:
o the negligible concentration (NC) for water, soil, groundwater, sediment and air
e the maximum permissible concentration (MPC) for water, soil, groundwater, sediment
and air
o the ecotoxicological serious risk concentration (SRC,,) for water, soil, groundwater and
sediment

Table 3. Environmental risk limits (ERLs) and the related environmental quality standards (EQS) that
are set by the Dutch government in the Netherlands for the protection of ecosystems.

Description ERL EQS

The NC represents a value causing negligible NC Target value

effects to ecosystems. The NC is derived from the | (for air, water, soil, (for air, water, soil, groundwater
MPC by dividing it by 100. This factor is applied | groundwater and and sediment)

to take into account possible combined effects. sediment)

The MPC is the concentration of a substance in MPC MPC

air, water, soil or sediment that should protect all (for air, water, soil, (for air, water and sediment)
species in ecosystems from adverse effects of that | groundwater and

substance. A cut-off value is set at the fifth sediment)

percentile if a species sensitivity distribution of
NOEC:s is used. This is the hazardous
concentration for 5% of the species, the HC5yogc.

The SRC,,, is the concentration of a substance in SRCeco Intervention value after
the soil, sediment or groundwater at which (for water, soil, comparison with SRCyuman
functions in these compartments will be seriously | groundwater and (for soil, sediment and
affected or are threatened to be negatively sediment) groundwater)

affected. This is assumed to occur when 50% of
the species and/or 50% of the microbial and
enzymatic processes are possibly affected, the
HCSONOEc.

The process of deriving ERLs is shown schematically in Figure 1. ERLs for soil and sediment
are calculated for a standardised soil. ERLs for water are reported for dissolved and total
concentrations (including a standard amount of suspended matter) and if found significantly
different, differentiated to fresh water and salt water. Each of the ERLs and its corresponding
EQS represents a different level of protection, with increasing numerical values in the order
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NC <MPC! < SRCc. The EQS demand different actions when one of them is exceeded,
explained elsewhere (VROM, 2001).

In the series of RIVM reports that were published in the framework of the project ‘Setting
Integrated Environmental Quality Standards’, (now called ‘International and National
Environmental Quality Standards for Substances in the Netherlands’), ERLs were derived for
approximately 250 substances and groups of substances. For an overview of the EQSs set by
the Ministry of VROM, see VROM (2001). The Expert Centre for Substances of RIVM has
recently launched a website at which all EQSs are available. The web site can be found at:
http://www.stoffen-risico.nl.

1. Literature search and evaluation of
ecotoxicological data for water, air,
soil and sediment

Parameters and criteria 2.Data selection

v

3.Calculation of MPC for water, air,
soil, sediment and groundwater,
SRC,, for water, soil, sediment and
groundwater

RIVM

Steering Committee

for S“bstances 4. Setting of EQS: MPC, target value

and intervention value

Figure 1. The process of deriving Environmental Risk Limits. Above the line the method to derive
ERLs is indicated, i.e. MPC, NC and SRC,. Below the dashed line the MPC, Target Value and
Intervention Value is indicated, set by the Steering Committee for Substances.

For substances, for which toxicity data have been collected and evaluated within the European
Existing Substances Regulation (EU-RAR), the ERLs for water, soil and sediment will be
derived from the PNEC values mentioned in these reports. In the ecotoxicology part,
reference will be made to the EU-RAR documents. If these EU-RARs are already published
or finalised, the PNEC will be translated into a Dutch MPC. Otherwise, only data will be
presented without reporting an MPC in the summary.
The phosphate ester group can be divided in four major groups, of which the last group, the
brominated phosphates, will not be discussed within this report, as they are not longer
produced:

e halogenated phosphates (TCEP, TCPP and TDCP),

e alkyl phosphates (TBP, TEP, TBEP and TEHP),

e aryl phosphates (TPP and TCP),

e brominated phosphates (TBPP and BBPP).

"' A complicating factor is that the term MPC is used both as an ERL and as an EQS. For
historical reasons, however, the same abbreviation is used.
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Various organisations are evaluating the toxicity and fate of flame retardants, such as RIVM,
the Danish EPA and the European Union under the council’s regulations for new and existing
substances. Not much is known on the toxicity of phosphate ester flame retardants, although
high production volumes, expected low biodegradation rates and high octanol-water partition
coefficients indicate that some of these substances are potentially hazardous. Because of the
high octanol-water partition coefficients the effects on secondary poisoning are considered, in
addition to direct effects on aquatic and terrestrial organisms. This report focuses on a number
of phosphate ester flame retardants (PEFRs) that were described earlier in reports of the WHO
‘International Programme on Chemical Safety’ (IPCS) or of the German program on ‘existing
chemicals of environmental relevance’ (BUA). Many more PEFRs exist that could be studied
as well, but data availability is low. It is expected that more information on the group of
PEFRs will become available in the next few years through in-depth studies from the EU, the
Danish EPA and the Environment Agency UK.
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2.

2.1

Substance properties and use

Physicochemical properties

In this section an overview of the physicochemical properties is given for the
organophosphorus compounds that are considered in this report.

2.1.1 Halogenated phosphates

Table 4. General information and physicochemical properties of tris(2-chloroethyl)phosphate (TCEP)

Properties Value(s) Reference
IUPAC Name Phosphoric acid tris(2-chloroethyl)
ester
Structure Cl
e
O—F|’—O
O \
Cl

Cl
CAS number 115-96-8
EINECS number 204-118-5

Empirical formula

Smiles code

Molar Mass (g/mol)

n-Octanol/water partition coefficient (log K,y)

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

Henry’s law constant (Pa. m’. mol™)

C6 H12 C13 04 P
O=P(OCCCI)(OCCCl)OCCCI
285.49

0.54

1.43 (shake-flask)

1.44 (exp.)

1.48

1.7

1.7

1.78 (exp., shake flask method)

0.47 (fragment constant estimate)
1.63 (fragment constant estimate)
2.04

2.48 (molecular connectivity
estimate)

6.67

2.7 at 90 °C; 0.25 at 70 °C; 0.082 at
60 °C; 0.017 at 46 °C

3.7 E-04 at 20 °C (extrapolated, 7.9
E-04 at 25 °C)

8.22 at 25 °C (extrapolated;
isoteniscope)

43 at 136.9 °C

1.14E-03 at 20 °C (extrapolated)
67 at 14525 °C

0.0521 at 25 °C (modified Grain
method estimate)

8.07 E-03 at 25 °C

4.16E-05

1.5E-05 at 20 °C

2.58E-03 at 25 °C (bond method
estimate)

Brodsky et al. (1997)
Sasaki et al. (1981)
CITI (1992) in U.S. EPA (2003)

Muir (1984)

IPCS (1998)

Yoshioka et al. (1986a)
Hazelton (1994b) in European
Commission (2004c)

BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, of 1.78

U.S. EPA (2003)

Brodsky et al. (1997)
Bayer (1980) in GDCh (1987)

Dobry & Keller (1957)

Boerdijk (2000) in European
Commission (2004c)

Muir (1984)

U.S. EPA (2003)

IPCS (1998)

European Commission (2004c)
GDCh (1987)

U.S. EPA (2003)
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Properties Value(s) Reference
Water solubility (mg/L) 5000 at 20 °C Hoechst AG (1986) in GDCh
(1987)
6000 Brodsky et al. (1997)
7000 at 20 °C Eldefrawi et al. (1977)
7000 Muir (1984)
7820 at 20 °C Hazelton (1994a) in European
Commission (2004c)

7900 at 20 °C (supersaturation over
20 °C, cooling, filtration)

8000 at 20 °C

7409 at 25 °C (estimate from log K,
(1.44); liquid assumed)

5597 (fragment method estimate)

Yoshioka et al. (1986a)

IPCS (1998)
U.S. EPA (2003)

U.S. EPA (2003)

Table 5. General information and physicochemical properties of tris(1-chloro-2-propyl) phosphate

(TCPP)

Properties Value(s) Reference
EINECS name Tris(2-chloro-1-methylethyl)

phosphate
Structure CH; o

\ /O CHj;
/P
0~ \
O
Cl < Cl
Cl CHj;

CAS number 13674-84-5
EINECS number 237-158-7

Empirical formula
Smiles code

Molar Mass (g/mol)
n-Octanol/water partition coefficient (log K.,)

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

Henry’s law constant (Pa. m®. mol™)

Water solubility (mg/L)

CI9HIZCI304P
O=P(OC(CCI)C)(OC(CCHC)OC(CCl
)C

327.57

2.59 (exp.)

2.59

2.68 (exp., HPLC method)

3.33 (exp.)

1.40 (fragment constant estimate)
2.89 (fragment constant estimate)
2.44

2.76 (exp., HPLC method)

3.11 (molecular connectivity
estimate)

1.4E-03 at 25 °C (exp., balance
method)

33

0.00752 at 25 °C (modified Grain
method estimate)

4.25E-04 at 25 °C (by calculation
from VP and WS results)
6.04E-03 at 25 °C (bond method
estimate)

1080 (flask method)

1100
1200
1600 at 20 °C

CITI (1992) in U.S. EPA (2003)
IPCS (1998)

Cuthbert and Mullee (2002a) in
European Commission (2004b)
Robson (1994) in European
Commission (2004b)

BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, of 2.59

Cuthbert and Mullee (2002b) in
European Commission (2004b)
U.S. EPA (2003)

Tremain (2002a) in European
Commission (2004b)
Krawetz (2000) in European
Commission (2004b)

U.S. EPA (2003)

European Commission (2004b)
U.S. EPA (2003)

Cuthbert and Mullee (2002a) in
European Commission (2004b)

Muir (1984)

CITI (1992) in U.S. EPA (2003)
IPCS (1998)
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Properties Value(s) Reference
1600 Robson (1994) in European
Commission (2004b)

493.5 at 25 °C (estimate from log K,
(2.59); liquid assumed)
740.2 (fragment method estimate)

U.S. EPA (2003)

U.S. EPA (2003)

Table 6. General information and physicochemical properties of tris(1,3-dichloro-2-propyl) phosphate

(TDCP)
Properties Value(s) Reference
IUPAC Name Tris(1,3-dichloro-2-propyl) phosphate
Structure Cl
o
N\ _O
/P Cl
o~ \
O
Cl Cl
Cl
Cl
CAS number 13674-87-8
EINECS number 237-159-2

Empirical formula
Smiles code

Molar Mass (g/mol)
n-Octanol/water partition coefficient (log K,y)

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

Henry’s law constant (Pa. m’. mol™)

Water solubility (mg/L)

C9HI5Cl6 04 P
O=P(OC(CCICCIl)(OC(CCncenoc
(ccncecet

430.91

3.65 (exp.)

3.69 (exp., HPLC method)

3.74

3.76 (shake-flask)

3.8

1.59 (fragment constant estimate)
3.65 (fragment constant estimate)
2.96

4.09 (exp., HPLC method)

3.96 (molecular connectivity
estimate)

5.6E-06 at 25 °C (exp., balance
method)

1.3 at30°C

3.97E-05 at 25 °C (modified Grain
method estimate)

1.33E-04 (by calculation from VP and
WS results)

2.65E-04 at 25 °C (bond method
estimate)

100 at 20 °C

100 at 30 °C

100

7.0 at 2442 °C (nephelometry)
19.2

7 at 24 °C
18.1 (flask method)
29.53 at 25 °C (estimate from log K,

(3.65); liquid assumed)
30.17 (fragment method estimate)

CITI (1992) in U.S. EPA (2003)
Cuthbert and Mullee (2002d) in
European Commission (2004a)
Muir (1984)

Sasaki et al. (1981)

IPCS (1998)

BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, of 3.65

Cuthbert and Mullee (2002¢) in
European Commission (2004a)
U.S. EPA (2003)

Tremain (2002b)

IPCS (1998)
U.S. EPA (2003)

European Commission (2004a)
U.S. EPA (2003)

Eldefrawi et al. (1977)

IPCS (1998)

Muir (1984)

Hollifield (1979)

Metcalf (1976) in Hollifield
(1979)

Yalkowsky and Dannenfelser
(1992) in U.S. EPA (2003)
Cuthbert and Mullee (2002d) in
European Commission (2004a)
U.S. EPA (2003)

U.S. EPA (2003)
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2.1.2 Alkyl phosphates

Table 7. General information and physicochemical properties of tributylphosphates

Properties Value(s) Reference
IUPAC Name tri-n-butyl phosphate (TBP)
Structure Q
N O
o™ S O/P\o
_\_\CH3
CAS number 126-73-8
EINECS number 204-800-2
Empirical formula CI12 H27 04 P
Smiles code O=P(OCCCC)(0ccceyocecece
Molar Mass (g/mol) 266.32
n-Octanol/water partition coefficient (log K,,) 2.5 (exp.) MedChem (1989) in GDCh
(1995)
34 Yoshioka et al. (1986a)

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

Henry’s law constant (Pa. m®. mol™)

Water solubility (mg/L)

Common name
IUPAC Name

3.99 (shake-flask)
4.00 (shake-flask)
4.00

4.01

4.00/4.01

3.46 (fragment constant estimate)
3.82 (fragment constant estimate)
3.13

3.28 (molecular connectivity
estimate)

0.15 at 25 °C (exp.)

100 at 114 °C; 2000 at 160-162 °C;
0.016 at 25 °C (extrapolated)

100 at 97 °C; 1000 at 144 °C

0.8 at 20 °C (probably extrapolated,
1.2 at 25 °C)

>66700 at 200 °C; 973 at 150 °C
0.904 at 25 °C (extrapolated; gas
saturation method); 133 at 100 °C
9at25°C

16900 at 177 °C

0.465 at 25 °C (modified Grain
method estimate)

0.0152 at 25 °C (exp., calc. from exp.
VP and WS)

0.323 at 25 °C (bond method
estimate)

280 at room temperature

280

1075 at 3.4 °C; 1012 at 4.0 °C; 957 at
5.0 °C; 640 at 13.0 °C; 422 at 25.0 °C;
285 at 50.0 °C (shake-flask)

250 at 20 °C (supersaturation over 20
°C, cooling, filtration)

400 at 20 °C

1000 at 25 °C

27.68 at 25 °C (estimate from log K,
(4.00); liquid assumed)

101.0 (fragment method estimate)
Tri-isobutyl phosphate (TiBP)
Phosphoric acid, tris(2-methylpropyl)
ester

Sasaki et al. (1981)

Saeger et al. (1979)

Hansch et al. (1995) in U.S. EPA
(2003)

Kenmotsu (1980) in IPCS
(1991a)

Muir (1984)

BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, 0of 4.00

U.S. EPA (2003)

U.S. EPA (2003)
Riddick et al. (1985)

Bayer (1987c) in GDCh (1995)
Laham et al. (1984)

Parker (1980)

IPCS (1991a)

Muir (1984)

U.S. EPA (2003)

U.S. EPA (2003)

U.S. EPA (2003)

Saeger et al. (1979)

Muir (1984)

Higgins et al. (1959)

Yoshioka et al. (1986a)

Bayer (1987¢) in GDCh (1995)
Laham et al. (1984)

U.S. EPA (2003)

U.S. EPA (2003)
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Properties Value(s) Reference
Structure CHs3

HaC P CHs

O
CHs _>7CH3
H3C

CAS number 126-71-6
EINECS number 2064-798-3
Empirical formula CI12 H27 04 P
Smiles code O=P(OCC(C)C)(OCC(C)C)OCC(C)

C
Molar Mass (g/mol) 266.32
n-Octanol/water partition coefficient (log K,,) 3.72 (exp.) BASF AG (1990) (IUCLID)

3.07 (fragment constant estimate) BioByte (2004)

3.60 (fragment constant estimate) U.S. EPA (2003)
Soil/sediment water sorption coefficient (log K,.) | 2.99 estimated with QSAR for

Vapour pressure (Pa)

Henry’s law constant (Pa. m’. mol™)

Water solubility (mg/L)

3.05 (molecular connectivity
estimate)

100 at 91.74 °C; 200 at 102.76 °C;
500 at 118.94 °C; 1000 at 132.59 °C;
5000 at 169.85 °C; 10000 at 118.93
°C; 50000 at 243.2 °C

0.95 at 25 °C (extrapolated)

1.71 at 25 °C (mean of modified
Grain and Antoine method estimate)
0.323 at 25 °C (bond method
estimate)

265 at 25 °C

51.4 at 25 °C (estimate from log K,
(3.72); liquid assumed)

475.6 (fragment method estimate)

phosphates (Sabljic et al., 1995)
and log K, of 3.72
U.S. EPA (2003)

BASF AG (1989) (IUCLID)

U.S. EPA (2003)
U.S. EPA (2003)

BASF AG (1990) (IUCLID)
U.S. EPA (2003)

U.S. EPA (2003)

Table 8. General information and physicochemical properties of triethyl phosphate (TEP)

Properties Value(s) Reference
IUPAC Name triethyl phosphate
Structure O
\\P/OVCH3
NN
H;C 0 \O
CHs

CAS number 78-40-0
EINECS number 201-114-5
Empirical formula C6HI5S 04 P
Smiles code O=P(OCC)(0CC)0CC
Molar Mass 182.16
n-Octanol/water partition coefficient (log K,y) 1.11 (exp.) Radding (1977) in GDCh (1989)

0.80 (exp.) Hansch et al. (1995) in U.S. EPA

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

0.28 (fragment constant estimate)
0.87 (fragment constant estimate)
1.56

1.68 (molecular connectivity
estimate)
133 at 39.6 °C

133 at 39.6 °C
17 at99.2°C

(2003)

BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, of 0.80

U.S. EPA (2003)

Sandmeyer and Kirwin (1981) in
GDCh (1989)

Muir (1984)

Deutsche Chemische
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Properties Value(s) Reference
Gesellschaft (1928) in GDCh
(1989)

Henry’s law constant (Pa. m®. mol™)

Water solubility (mg/L)

3300 at 103 °C; 6700 at 123 °C;
14900 at 146 °C; 25100 at 161 °C;
59300 at 190 °C; 101300 at 215 °C;
60.6 at 25 °C (extrapolated)

524 at25°C

22.0 at 25 °C (mean of modified
Grain and Antoine method estimate)
0.0037 at 25 °C (20 °C) (gas-
stripping)

0.0591 at 25 °C (bond method
estimate)

500000 at 25 °C

41070 at 25 °C (estimate from log K,
(0.80); liquid assumed)
115250 (fragment method estimate)

Deutsche Chemische
Gesellschaft (1918) in GDCh
(1989)

U.S. EPA (2003)
U.S. EPA (2003)

Wolfenden and Williams (1983)
U.S. EPA (2003)

Yalkowsky and Dannenfelser
(1992) in U.S. EPA (2003)

U.S. EPA (2003)

U.S. EPA (2003)

Table 9. General information and physicochemical properties of tris(2-butoxyethyl) phosphate (TBEP)

Properties Value(s) Reference
IUPAC Name tris(2-butoxyethyl) phosphate
e}
H3C\/\/O\/\O/\\P\/O\/\o/\/\CH3
oxo
CAS number 78-51-3
EINECS number 201-122-9
Empirical formula CI8 H39 O7P

Smiles code

Molar Mass

n-Octanol/water partition coefficient (log K,,)

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

Henry’s law constant (Pa. m®. mol™)

Water solubility (mg/L)

O=P(OCCOCCCC)(0CCOCCCC)O
Cccocccece

398.48

3.75 (exp.)

3.65 (exp.)

4.02 (fragment constant estimate)
3.00 (fragment constant estimate)
3.01

5.67 (molecular connectivity
estimate)

4 at 150 °C; 1.33 at 20 °C

4 at 150 °C; 0.000037 at 25 °C
2.8E-05 at 25 °C (GC-method)
2.41E-05 at 25 °C (extrapolated;
effusion method)

0.000164 at 25 °C (modified Grain
method estimate)

1.22E-06 at 25 °C (bond method
estimate)

~1100

1100 at 25 °C

1100-1300 at 20 °C

27.68 at 25 °C (estimate from log K,
(3.75); liquid assumed)

604.2 (fragment method estimate)

CITI (1992) in U.S. EPA (2003)
Muir (1984), IPCS (2000)

BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, of 3.75

U.S. EPA (2003)

Muir (1984)

IPCS (2000)
Hinckley (1990)
Small et al. (1948)

U.S. EPA (2003)

U.S. EPA (2003)

Muir (1984)

Beilstein Information Systems ()
in U.S. EPA (2003)

IPCS (2000)

U.S. EPA (2003)

U.S. EPA (2003)
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Table 10. General information and physicochemical properties of tris(2-ethylhexyl) phosphate

(TEHP)
Properties Value(s) Reference
IUPAC Name Phosphoric acid, tris(2-ethylhexyl)
ester
CHj
(o]
\_O CHy
Hac/\/\[\c’/ \
(o]
CHy
CH,
CHj
CAS number 78-42-2
EINECS number 201-116-6
Empirical formula C24 H54 04 P
Smiles code CCCCC(CC)COP(=0)(0Ccc(coyece
CCO)occ(coyeecece
Molar Mass 434.65
n-Octanol/water partition coefficient (log K,y) 4.1 Ishikawa et al. (1985) in GDCh

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

Henry’s law constant (Pa. m’. mol™)

Water solubility (mg/L)

4.23 (shake-flask)

4.23

5.04 (exp.)

9.42 (fragment constant estimate)
9.49 (fragment constant estimate)
5.79

6.36 (molecular connectivity
estimate)

1.1E-05 at 25 °C (exp.)
1.1E-05 at 25 °C (GC-method)
31 at150°C

53 at 160 °C; 133 at 180 °C; 330 at
200 °C;

0.00294 at 25 °C (extrapolated)
3.03E-05 at 25 °C (extrapolated,
effusion method)

8.09E-05 at 25 °C (modified Grain
method estimate)

0.00796 at 25 °C (exp., calc. from
exp. VP and WS)

9.69 at 25 °C (bond method estimate)
1000 (true solubility reported
probably to be lower)

~1000

<100 at 20 °C

2

0.600 at 24+2 °C (nephelometry)
0.60 at 24 °C

<0.5at 20 °C
7.161E-05 at 25 °C (estimate from log

Kow (9.49); liquid assumed)
0.000279 (fragment method estimate)

(1997)

Saeger et al. (1979)

Muir (1984)

CITI (1992) in GDCh (1997)
BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, 0f 9.42

U.S. EPA (2003)

U.S. EPA (2003)

Hinckley (1990)

Sandmeyer and Kirwin (1981) in
Muir (1984)

Bayer AG (1993) in GDCh
(1997)

Small et al. (1948)
U.S. EPA (2003)
U.S. EPA (2003)

U.S. EPA (2003)
Saeger et al. (1979)

Muir (1984)

IPCS (2000)

CITI (1992) in GDCh (1997)
Hollifield (1979)

Yalkowsky and Dannenfelser
(1992) in U.S. EPA (2003)
Bayer AG (1993) in GDCh
(1997)

U.S. EPA (2003)

U.S. EPA (2003)
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2.1.3 Aryl phosphates

Table 11. General information and physicochemical properties of tri phenyl phosphate (TPP)

Properties Value(s) Reference
IUPAC Name Triphenyl phosphate
Structure
\ O
P
@]
O
CAS number 115-86-6
EINECS number 204-112-2
Empirical formula CI8 H12 04 P
Smiles code O=P(Oc(ccccl)cl)(Oc(ceee2)c2)Oc(c
cce3)e3
Molar Mass 326.3
n-Octanol/water partition coefficient (log K,y) 4.59 (exp.) Hansch et al. (1995) in U.S. EPA
(2003)
4.61 Kenmotsu (1980) in IPCS
(1991b)
4.63 (shake-flask) Saeger et al. (1979)
4.61/4.63 Muir (1984)

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

Henry’s law constant (Pa. m®. mol™)

Water solubility (mg/L)

4.76 (shake-flask)

3.15 (TLC estimate)

3.40 (HPLC estimate)

3.9

4.46 (fragment constant estimate)

4.70 (fragment constant estimate)
342

4.00 at 25 °C (shake-flask; filtration)
3.93 at 25 °C (shake-flask;
centrifugation)

3.72 (molecular connectivity
estimate)

4.1E-03 at 25 °C; 2.4E-03 at 20 °C
(extrapolated subcooled liquid)
2.4E-03 at 25 °C; 1.2E-03 at 20 °C
(calculated to solid)

8.52E-04 at 25 °C (extrapolated,
subcooled liquid; isoteniscope)

20 at 150 °C; 253 at 200 °C

133 at 193.5°C
0.0707 at 25 °C
173 at 200 °C; 2430 at 250 °C

0.0881 (~0.22 in presented figure) at
100 °C (effusion method)

6.29E-05 at 25 °C (modified Grain
method estimate)

0.335 at 25 °C (exp., calc. from exp.
VP and WS, probably corrected for
bond energy)

0.00403 at 25 °C (bond method
estimate)

1.9 at room temperature

Sasaki et al. (1981)

Renberg et al. (1980)

Lo & Hsieh (2000)

Bengtsson et al. (1986)
BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, 0of 4.59

Huckins et al. (1991)

U.S. EPA (2003)

Environment Agency (2003b)

Dobry & Keller (1957)

IPCS (1991b) (Modern Plastics
Encyclopedia)

Sutton et al. (1960) in IPCS
(1991b)

Midwest Research Institute
(1991) in Huckins et al. (1991)
Midwest Research Institute
(1991) in Muir (1984)

Small et al. (1948)

U.S. EPA (2003)

U.S. EPA (2003)

U.S. EPA (2003)

Saeger et al. (1979)
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Properties

Value(s)

Reference

TPP in commercial TCP product:
2.140.1 at 25 °C (generator-column
OECD 105)

0.730 at 24+2 °C (nephelometry)
20

3.476 at 25 °C (estimate from log K.,
(4.59); solid assumed, melting point
50.5°C)

4.674 (fragment method estimate)

Ofstad and Sletten (1985)

Hollifield (1979)
Fordyce & Meyer (1940) in
Hollifield (1979)
U.S. EPA (2003)

U.S. EPA (2003)

Table 12. General information and physicochemical properties of tricresyl phosphate (o,m,p-TCP)

Properties Value(s) Reference
IUPAC Name tricresyl phosphate
Structure HC
Ol
/P\
% 1O
CHg
HC

tri-p-cresylphosphate is shown
CAS number 1330-78-5 (ortho: 78-30-8; meta:

563-04-2; para: 78-32-0)
EINECS number 215-548-8
Empirical formula C21 H21 04 P
Smiles code (para) O=P(Oclccc(C)ecl)(Oc2ece(C)ec2)O

c3cee(C)ec3
Molar Mass 368.37
n-Octanol/water partition coefficient (log K,,) 5.11 (shake-flask) Saeger et al. (1979)

5.12 Kenmotsu (1980) in IPCS (1990)

5.1-53 Bengtsson et al. (1986)

59 Boethling and Cooper (1985)

5.93 Environment Agency (2003a)

Soil/sediment water sorption coefficient (log K,.)

Vapour pressure (Pa)

3.42 (HPLC estimate)

4.51 (mean of 4.30 and 4.65) (TLC
estimate)

5.95 (fragment constant estimate,
equal for all isomers)

6.34 (fragment constant estimate,
equal for all isomers)

3.67

1,618+993 (38-2800, estimated from
field data)

0- and m-isomers: 4.37

p-isomer: 4.35 (molecular
connectivity estimate)

6.6E-05 at 25 °C; 3.5E-05 at 20 °C
(extrapolated)

o-isomer: 5.5E-05 at 20 °C
m-isomer: 9.9E-05 at 20 °C
p-isomer: 4.4E-05 at 20 °C
(extrapolated from boiling point)
0.001 at 46 °C; 0.44 at 150 °C
0.00019 at 30 °C

Mixed isomers: <2.7 at 150 °C; 39 at
200 °C

m-isomer: 1.84E-06 at 25 °C
(extrapolated; subcooled liquid;

Veith et al. (1979)
Renberg et al. (1980)

BioByte (2004)

U.S. EPA (2003)

estimated with QSAR for
phosphates (Sabljic et al., 1995)
and log K, of 5.11
Environment Agency (2003a)

U.S. EPA (2003)

Environment Agency (2003a)

Environment Agency (2003a)
Boethling and Cooper (1985) in
Environment Agency (2003a)
Muir (1984)

Dobry & Keller (1957)
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Properties

Value(s)

Reference

Henry’s law constant (Pa. m®. mol™)

Water solubility (mg/L)

isoteniscope)

o-isomer: 2.26E-04 at 25 °C
(extrapolated; subcooled liquid;
isoteniscope)

Mixture of isomers: 0.0133 at 20 °C
Technical product: 4.4 at 150 °C

o-isomer: 1333 at 265 °C

Technical product: 8.76E-06 at 25 °C
m-isomer: 3.74E-06 at 25 °C
(extrapolated; effusion method)
m-isomer: 3.94E-06 and 1.21E-05 at
25 °C (extrapolated; quoted)
p-isomer: 2.94E-06 at 25 °C
(extrapolated; quoted)

o-isomer: 0.00195 at 25 °C
o-isomer: 0.00633

m-isomer: 1.45E-05

p-isomer: 4.65E-6 at 25 °C (modified
Grain method estimate)

m-isomer: 8.38 at 25 °C (gas
sparging)

0.00542 at 25 °C (bond method
estimate)

Mixture: 0.36 at room temperature
Sum of TCP isomers in commercial
TCP product: 0.34+0.04 at 25 °C
(generator-column OECD 105)
3.4at20°C

p-isomer: 0.3 at 25 °C (extrapolated)
p-isomer: 0.074 at 24+2 °C
(nephelometry)

0.260

o-isomer: 0.246

m-isomer: 0.243

p-isomer: 0.0808 at 25 °C (estimate
from log K, (5.95); used melting
points: 11, 25.5 and 77.5 °C)

0.140 (fragment method estimate)

Lefaux (1972) in IPCS (1990)
Great Lakes Chemical
Corporation (2003)

Hine et al. (1981) in IPCS (1990)
Small et al. (1948)

U.S. EPA (2003)
U.S. EPA (2003)

Muir et al. (1983)

U.S. EPA (2003)

Saeger et al. (1979)
Ofstad and Sletten (1985)

Environment Agency (2003a)
U.S. EPA (2003)
Hollifield (1979)

Metcalf (1976) in Hollifield

(1979)
U.S. EPA (2003)

U.S. EPA (2003)

2.2 Flame retardant properties’

Phosphate esters, which usually are used as flame retardant, act in the solid phase of burning
materials. When heated, the phosphorus reacts to give a polymeric form of phosphoric acid
(POy). This acid causes the material to char, inhibiting the pyrolysis process.

Phosphorus based flame retardants are complex P-containing organic molecules offering
specific performance properties. Certain products contain both phosphorus and chlorine or
bromine. Halogenated flame-retardants mainly act by effectively removing the H+ and OH*
radicals in the gas phase. This considerably slows or prevents the burning process. When
exposed to high temperatures, the flame retardant molecule releases bromine (Br) or chlorine

(Cl), as free radicals (Br+ or Cl+) which react with hydrocarbon molecules (flammable gases)
to give HBr or HCI. These then react with the high-energy H+ and OH* radicals to give water
and the much lower energy Br+ or Cl+ radicals, which are then available to begin a new cycle
of H+ and OH radical removal. The effectiveness of halogenated flame retardants thus
depends on the quantity of the halogen atoms they contain and also, very strongly, on the

% This section is based on information taken from the European Flame Retardants Assocation (http://www.cefic-
efra.org) and IPCS (1997).
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control of the halogen release. Because chlorine is released over a wider range of
temperatures than bromine, it is then present in the flame zone at lower concentrations, and so
is less effective. Bromine is released over a narrow temperature range, thus resulting in
optimal concentrations in the flame zone. Several of the flame-retardants studied in this report
thus combine flame retarding mechanisms of phosphorus and halogens. The flame-retardant
effects are considered to be additive. For more detail, see IPCS (1997).

2.3  Use, production and discharge

Organophosphorus compounds can be used as flame retardants. Flame retardants can be
divided in three main groups of chemicals (IPCS, 1997):

Inorganic flame retardants, representing about 50% by volume of the worldwide flame
retardant production. The most important are aluminium trihydroxide, magnesium hydroxide,
ammonium polyphosphate and red phosphorus. Some of these chemicals are also used as
synergists for other flame retardant, of which antimony trioxide is the most important.
Halogenated products, representing about 25% by volume of the worldwide production. The
presence of chlorine and bromine atoms is the main feature of these compounds.
Organophosphorus products, representing about 20% by volume of the worldwide production.
These compounds are primarily phosphate esters. An important part of these products contain
besides phosphorus also chlorine and/or bromine.

2.3.1 Halogenated phosphates

2.3.1.1 Tris(2-chloroethyl)phosphate (TCEP)

Production and use

According to data from IUCLID for 1991/1992, the European market amounted up to

10,500 tonnes per year (European Commission, 2004c). IPCS (1998) states that global
consumption of TCEP peaked at over 9000 tonnes in 1989 but had declined to below

4000 tonnes by 1997. This number is markedly lower today being less than 1000 tonnes.
Since the 1980s, TCEP production and use have been decreasing because of substitution by
other flame retardants in its historic use in rigid and flexible polyurethane foams and systems
(IPCS, 1998).

TCEP is used primarily as a flame retardant for unsaturated polyester resins and no longer
much used in polyurethanes. The main industrial branches to use TCEP as a flame-retardant
plasticiser are the textile and the building industry (roof insulation). Other utilisation in small
volumes of TCEP is represented by flame resistant paints and varnishes, e.g. for polyvinyl
acetate or acetyl cellulose.

Release in the environment

In the draft EU-RAR (European Commission, 2004¢) an extensive description of the emission
scenarios is made. Discharge of tris(2-chloroethyl) phosphate into the environment occurs
predominantly via the atmosphere. TCEP is not readily biodegradable (European
Commission, 2000). It must be assumed that partial release from polyurethane and other
foams to the atmosphere occurs, although volatilisation can be prevented if foams are
covered. In the atmosphere, it is quickly degraded abiotically by reaction with
photochemically formed hydroxyl radicals. This photochemical degradation in the atmosphere
is representing the most important mode of degradation of tris(2-chloroethyl) phosphate.
There are further possibilities for elimination in the aquatic environment, in which tris(2-
chloroethyl) phosphate enters via the wastewater, as a result of manufacturing processes. It is
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degraded extremely slowly by hydrolysis, and there are indications that it may also undergo
biotic degradation.

2.3.1.2 Tris(2-chloro-1-methylethyl) phosphate (TCPP)

Production and use

The product TCPP is actually a reaction mixture containing four isomers, of which the
individual isomers are not separated or produced as such. The CAS number 13674-84-5 is
used for the structure shown in Table 5 and also for the mixture of isomers as commercially
produced. The three 1-chloro-2-propyl (2-chloro-1-methylethyl) groups can each be replaced
by 2-chloro-1-propyl (i.e. an unbranched hydrocarbon chain). With these two groups, three
isomers of the main component are possible, although tris(2-chloro-1-propyl)phosphate is
only present in trace levels. Typical percentages of the four isomers in the reaction mixture
are: tris(2-chloro-1-methylethyl) phosphate (CAS no. 13674-84-5) about 50 to 85%, bis(2-
chloro-1-methylethyl)-2-chloro-1-propyl phosphate (CAS no. 76025-08-6) about 15-40%,
bis(2-chloro-1-propyl)-2-chloro-1-methylethyl phosphate (CAS no. 76649-15-5) less than
15% and tris(2-chloro-1-propyl) phosphate (CAS no. 6145-73-9) less than 1% (European
Commission, 2004b).

TCPP is produced by the reaction of phosphorus oxychloride with propylene oxide, followed
by purification (IPCS, 1998). Both batch and continuous processes can be used in the
manufacture of TCPP (UNEP, 1999). The whole process, from reaction to packaging is
carried out in closed systems (European Commission, 2004b).

Total EU production of TCPP in the years 1998 to 2000 was 30,000 to 40,000 tonnes,
produced at three sites in Germany and one in the UK. Discussions with the Phosphate Ester
Flame Retardant Council (PEFRC) indicate that any future increase due to substitution for
TCEP is unlikely, because replacement for all the applications for which replacement is
possible has been completed (European Commission, 2004b).

TCPP is physically combined with the treated material instead of chemically bonded (additive
flame retardant). The amount of flame retardant used depends on the application. The
consumption of TCPP in the EU was 37,745 tonnes in 2000. Over 98% of this amount is used
as a flame retardant in the production of polyurethane (PUR) for use in construction and
furniture. TCPP can be added to polyols, which form PUR in reaction with di-isocyanates
(around 60%), or added directly at the point of foaming. Over 80% of PUR is used in rigid
PUR foam for construction applications. The remaining PUR (more than 17%) is used in
flexible foam for upholstery and bedding, but not for automotive applications (European
Commission, 2004b).

Release in the environment

In the draft EU-RAR (2004b) an extensive description of the emission scenarios is made.
TCPP is stable in water at pH 4, 7 and 9 at 25 °C, with a half-life greater than or equal to one
year. Based on a prolonged closed bottle test and a SCAS test, TCPP is considered to be
inherently biodegradable in the aquatic compartment. No soil degradation data are available
(European Commission, 2004b).

2.3.1.3 Tris(1,3-dichloro-2-propyl) phosphate (TDCP)

Production and use

The total production of TDCP in the EU was less than 10,000 tonnes in 2000, produced
in Germany and the UK (European Commission, 2004a). In 1997, global TDCP demand
was estimated at 8000 tonnes per year (IPCS, 1998). Similar to TCPP, TDCP is a flame
retardant of the additive type. The amount of flame retardant used depends on the given
application. The consumption of TDCP in the EU was somewhat less than 10,000 tonnes
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in 2000. The most important use of TDCP is in the production of flexible polyurethane
(PUR) foam. TDCP is added directly at the point of production of flexible foams. Foams
containing TDCP are mostly used in the production of motor vehicles. Some of the use
is also in furniture (European Commission, 2004a).

TDCP and TCPP are used for similar purposes, but TDCP is used in specific application
where TCPP is not adequate. TDCP is not widely used outside the polyurethane industry
(European Commission, 2004a).

Release in the environment

In the draft EU-RAR (European Commission, 2004a) an extensive description of the
emission scenarios is made.

The estimated half-life for photodegradation is 21.3 hours based on the TGD model for
this process and a predicted reaction rate constant by the program AOPWIN (U.S. EPA,
2003). The hydrolysis of TDCP was tested using Fyrol FR2. In the preliminary test, no
significant hydrolysis was observed at pH 4 or 7. In the full test carried out at pH 9 and
at 50 °C the half-life was about 14.7 days. In a modified Sturm test no degradation was
observed. Therefore, TDCP is considered to be not readily biodegradable. No studies of
the degradation of TDCP in soil are available at this moment (European Commission,
2004a).

2.3.2 Alkyl phosphates

2.3.2.1 Tri-n-butyl phosphate (TBP) and Tris(2-methylpropyl) phosphate (TiBP)
Both branched and unbranched butylphosphates are manufactured (Table 7). Most
information is available on the unbranched tri-n-butyl phosphate (TBP), while no additional
information could be found for the branched tris(2-methylpropyl) phosphate (TiBP).

Production and use

The estimated production volume of TBP is 3000 — 5000 tonnes worldwide. TBP is
predominantly used in industry as a component of aircraft hydraulic fluid and as a solvent for
rare earth metal extraction and purification. This comprises over 80 percent of the volume
produced. In smaller amounts, TBP is used as a defoamer additive in cement casings for oil
wells, as an anti-air entrainment additive for coatings and floor finishes, and as a carrier for
fluorescent dyes. No use of TBP in consumer products is known (UNEP, 2001). Next to the
uses mentioned above, TBP is also used as solvent for cellulose ester, lacquers and natural
gums (IPCS, 1991a).

Release in the environment

In both soil and water, TBP is expected to adsorb to sediments or particulate matter and to
biodegrade. In the atmosphere, TBP will exist as a vapour and will be subject to rapid
photodegradation. Bioconcentration is not expected to occur (IPCS, 1991a).

Although usually at low concentrations, TBP has been found widely in air, water, sediment,
fish, and several other biota. TBP may enter into the environment by leakage from sites of
production or use, as well as by leaching from plastics disposed in landfill sites or aquatic
environments. TBP may also be emitted from extraction reagents and solvents, that are
continuously emitted to aquatic environments from loss in solvent extraction processes. TBP
used in antifoaming agents may be emitted into the environment from manufacturing plants
where it is used, such as paper manufacturing sites, where high concentrations of TBP have
been detected in river water, fish and air.
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2.3.2.2 Triethyl phosphate (TEP)

Production and use

Triethyl phosphate is manufactured by adding phosphorus oxy-chloride to ethanol in excess at
low temperature (0-20°C) and reduced pressure. Another method to produce triethyl
phosphate is synthesis from ethyl ether and P,Os under pressure (3500 kPa) and at high
temperature (180°C) (GDCh, 1989).

1000 — 1600 tonnes of TEP were produced in Germany in the years 1982-1987 and about
2000 tonnes in 1988. About 40 — 50% of TEP used in Germany (ca. 250 tonnes per year) is
used in the synthesis of ketene, where the compound is hydrolysed. About 40%
(approximately 240 tonnes per year) is used as flame retardant, plasticiser and carrier, where
it is available in the matrix. In other industrial branches, a further 10 to 20% is used as
solvent, plasticiser, flame retardant or intermediate for the production of pharmaceuticals,
pesticides and laquers. In the USA, one company produces about 5000 tonnes per year.
Primary uses for TEP in the USA are as an industrial catalyst and as a polymer resin modifier
and plasticiser. In small amounts, TEP is used in the USA as solvent, flame retardant, or
industrial intermediate for the production of pesticides and other chemicals (UNEP, 1998).

Release in the environment

TEP is not readily biodegradable, but with an industrial inoculum TEP was found to be
inherently biodegradable. The bioaccumulation potential is low (measured BCFs are <1.3).
Although hydrolytic degradation is possible, the half-life under environmental conditions is
estimated to be between five and ten years. Direct photodegradation in water is not possible
because TEP doesn’t absorb UV light in water. In the atmosphere, the half-life due to
photochemical-oxidative degradation is between 7 and 8.8 hours (UNEP, 1998).

The main route for emission of triethyl phosphate into the environment is washing out of
plastic materials. Experiments have shown considerable triethyl phosphate migration from
PVC materials into water, and that the rate of migration depends upon temperature (GDCh,
1989).

2.3.2.3 Tris(2-butoxyethyl) phosphate (TBEP)

Production and use

TBEP is produced by reaction of phosphorus oxychloride and butoxyethanol (butyl glycol).
Another production method uses the sodium salt of the glycol. The world production has been
estimated to be 5000-6000 tonnes, with less than 1000 tonnes in Europe (IPCS, 2000).

TBEP is used mainly as self levelling agent in floor polishes. Further TBEP is used as solvent
in some resins, as viscosity modifier in plastisols, as antifoam and also as a plasticizer in
synthetic rubber, plastics and lacquers (IPCS, 2000). TBEP is not considered a flame retardant
and is not used in plastisols and plastic ware applications.

Release in the environment

The input rate of TBEP to the environment cannot be estimated from the available data. It is
expected that the emission is mainly to soil, sediments and surface waters from leachates from
plastics on landfills, from spillages and from effluents. TBEP appears to be rapidly
biodegradable (IPCS, 2000).
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2.3.2.4 Tris(2-ethylhexyl) phosphate (TEHP)

Production and use

In 1992, approximately 1000 tonnes of THEP were manufactured in Germany (GDCh, 1997).
Data for the world production of TEHP are not available, but the estimated world production
is between 1000 and 5000 tonnes/year (IPCS, 2000).

TEHP is produced by reaction of phosphorus oxychloride and 2-ethylhexanol. Technical
grade TEHP is usually 99% pure, with 2-ethylhexanol, bis(2-ethylhexyl) phosphate (BEHP)
and traces of water as impurities (IPCS, 2000).

TEHP is used in PVC plastisols, as a flame retardant in cellulose acetate and as solvent for
certain chemical reactions. It is also used as a flame retardant plasticizer, particularly for
PVC, in low temperature application (IPCS, 2000).

Release in the environment

The biodegradation results of TEHP are inconclusive. Some studies show rapid
biodegradation, while in other studies no biodegradation is observed during 28 days (IPCS,
2000).

2.3.3 Aryl phosphates

2.3.3.1 Triphenyl phosphate (TPP)

Production and use

Triphenyl phosphate is produced by reaction of phenol with phosphorus oxychloride (IPCS,
1991b). Around 7,250 tonnes of triphenyl phosphate were produced in the United States in
1977 and around 3,750 tonnes were produced in Japan in 1984 (IPCS, 1991b). It can be
handled as flakes or as a liquid shipped in heated vessels. The number of companies within
the EU that produce triphenyl phosphate is small (Environment Agency, 2003b).

Triphenyl phosphate was initially used as a flame retardant/plasticizer in cellulose acetate
safety film. Nowadays, it is applied as flame retardant/plasticizer in cellulose nitrate, various
coatings, triacetate film and sheet, and engineering thermoplastics such as polyphenylene-
high impact polystyrene and acrylonitrile-styrene-butadiene (ABS)-polycarbonate blends
(Environment Agency, 2003b). Further it is used as a non-combustible substitute for camphor
in celluloid, as a plasticizer in lacquers and varnishes (IPCS, 1991b). Another application of
TPP is as an extreme pressure additive in lubricants and hydraulic fluids (IPCS, 1991b).

In Japan, out of a total of 3,750 tonnes in 1984, 3,200 tonnes were used as a flame retardant in
phenolic and phenylene oxide-based resins for the manufacture of electrical and automobile
components, around 500 tonnes were used as a flame-retardant plasticizer in cellulose acetate
for photographic films and around 50 tonnes were used for other miscellaneous applications
(IPCS, 1991Db). At present, the major use of triphenyl phosphate in the EU include printed
circuit boards, thermoplastic/styrenic polymers and photographic film (Environment Agency,
2003b).

Release in the environment (EHC 111 and UK environment agency, 2003)

In the draft report from the Environment Agency (2003b) the emission scenarios for TPP are
discussed in detail. Triphenyl phosphate undergoes hydrolysis to form diphenyl phosphate,
which is more stable to hydrolysis than the parent compound. The rate of hydrolysis increases
with pH. The half-lives found from several studies typically carried out at 20-30 °C are
generally <3 days at pH of 9 and above, 7.5-24 days at pH around 8 and 19 days or longer at
pH around 7. Because of the generally lower temperatures, the rate of hydrolysis in the
environment may be longer than these values (Environment Agency, 2003b).



page 32 of 118 RIVM report 601501024

The hydrolysis rates of triaryl phosphates with alkyl substituents on the aromatic ring (such as
tricresyl phosphate) should be lower than those for triphenyl phosphate due to the electron-
donating character of these alkyl groups (Boethling and Cooper, 1985). Several studies have
shown that photolytic degradation of TPP by UV radiation is a possible route of degradation
as well. The half-life of atmospheric photooxidation of triphenyl phosphate by hydroxyl
radicals is estimated to be around 36 hours (Environment Agency, 2003b).

Aryl phosphates in general are most likely biodegraded by initial hydrolysis of the phosphate
ester to orthophosphate and the corresponding phenolic compounds or alcohols (from alkyl
groups), which then themselves undergo further biodegradation (Saeger et al., 1979).
Although triphenyl phosphate is readily biodegradable in standard tests, it is not clear from
many other studies if the half-life is less than 10 days (Environment Agency, 2003b).

TPP has, because of its hydrophobicity, a high potential for bioaccumulation. Laboratory
studies of continuous exposure to high concentrations of radiolabelled TCP have shown high
bioconcentration factors (BCF), although the BCFs from studies that are considered reliable
are all below 2000, probably due to metabolism. Further, accumulation factors from food to
fish are all very much less than 1 (Environment Agency, 2003b).

2.3.3.2 Tricresyl phosphate (TCP)

Production and use

Tricresyl phosphate is made by the reaction of a mixture of meta- and para-cresol with
phosphorus oxychloride. The amount of ortho-cresol in this production process is minimised
due to the toxicity of the 0-isomer. The most important isomers in the product are tri-m-cresyl
phosphate, bis-m,p-cresyl phosphate and bis-p,m-cresyl phosphate (Environment Agency,
2003a). Commercial TCP may contain considerable amounts of other compounds such as
triphenyl phosphate and other tri-aryl phosphates (Environment Agency, 2003a; Ofstad and
Sletten, 1985).

33,000 tonnes were produced in 1984 in Japan. 10,400 tonnes of TCP were produced in 1977
in the USA. In China about 800-1000 tonnes TCP per year were produced at the end of the
eighties. No information on the total production worldwide is available. In the USA,
triphenyl, tricresyl, and trixylenyl phosphates from petroleum-based feedstocks are replaced
by aryl phosphates derived from synthetic precursors. Further, mixed tri-alkyl/aryl phosphates
are replacing TPP and TCP as a plasticizer (IPCS, 1990).

Tricresyl phosphate is produced by only a small number of companies within the EU. The
major current uses of the substance in the EU are in PVC, in rubber, in polyurethane in textile
coating, as additives in lubricants and in photographic film (Environment Agency, 2003a;
Ofstad and Sletten, 1985).

TCP is applied as a flame retardant in flexible PVC, cellulose nitrate, ethylcellulose coatings,
lacquers, adhesives and various rubber products. These products are used vinyl tarpaulins,
mine conveyor belts, air ducts, cable insulation and vinyl films. TCP is also used as an
extreme pressure additive in lubricants, as fire-resistant hydraulic fluid and a petrol/diesel fuel
anti-preignition additive, and as a clarifying agent in casein polymer production (Environment
Agency, 2003a).

Release in the environment

Tricresyl phosphate can be hydrolysed. The hydrolysis rate increases with increasing pH. The
products from the hydrolysis reaction are likely to be cresol and dicresyl phosphate, which
probably is more stable to hydrolysis than the parent compound. However, the estimated
hydrolysis reaction rate is only rapid at very high pHs (e.g. the estimated half-life at 25 °C is
1,100-2,200 days at pH 7 and 30-40 days at pH 8). Several studies have shown that UV
radiation may lead to photolytic degradation of tricresyl phosphate. The estimated half-life for
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atmospheric photooxidation of tricresyl phosphate by hydroxyl radicals is around 27.5 hours
(Environment Agency, 2003a).

Initial hydrolysis of the TCP to orthophosphate and cresols, which then themselves undergo
further biodegradation is the most likely path for biodegradation (Saeger et al., 1979). Many
studies show that tricresyl phosphate is readily biodegradable in a variety of aerobic test
systems. When released into water TCP is readily adsorbed by sediment particles
(Environment Agency, 2003a).

TCP has, because of its physicochemical properties, a high potential for bioaccumulation.
Laboratory studies of continuous exposure to high concentrations of radiolabelled TCP have
shown high bioconcentration factors (BCF) of up to around 2700 although most values are
smaller than 2000. However, these studies failed to show that the isotope was still associated
with the original compound. Taking into account the ready biodegradability of TCP, these
data should be viewed as probable overestimates, and it is suggested that little
bioaccumulation would occur with environmentally realistic TCP exposure. Further,
accumulation factors from food to fish are all very much less than 1 (Environment Agency,
2003a).
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3. Methods

3.1 Literature search and data selection

For the studied compounds a lot of literature has already been collected in different
frameworks. In the series ‘Environmental Health Criteria’ of IPCS the following compounds
were regarded: Tris(2-chloroethyl) phosphate, tris(1-chloro-2-propyl) phosphate and tris(1,3-
dichloro-2-propyl) phosphate (1998), tri-n-butyl phosphate (1991a), tris(2-butoxyethyl)
phosphate and tris(2-ethylhexyl) phosphate (2000), triphenyl phosphate (1991b), and tricresyl
phosphate (1990). For the following compounds BUA reports of the GDCh are available:
Tris(2-chloroethyl) phosphate (1987; 2001), triethyl phosphate (1989), tri-n-butyl phosphate
(1995), and tri(2-ethylhexyl) phosphate (1997; 2000). Further, the Environment Agency of the
UK has almost completed their risk assessment reports on triphenyl phosphate (2003b) and
tricresyl phosphate (2003a). For the chlorinated alkyl phosphate esters risk assessment reports
are being prepared by the European Commission in the framework of the existing chemicals
legislative: Tris(2-chloroethyl) phosphate (European Commission, 2004c¢), tris(1-chloro-2-
propyl) phosphate (European Commission, 2004b), tris(1,3-dichloro-2-propyl) phosphate
(European Commission, 2004a).

These sources have been used to collect data from. For the compounds considered in the risk
assessment reports of the European Commission (EU-RAR) additional data were not searched
for. Further, a literature search was performed to collect additional data. Some literature was
found from retrospective searching. As far as possible, original publications were checked.
Data were considered reliable if the experimental set-up is in accordance with internationally
accepted guidelines, such as the OECD guidelines. For other studies that deviate from these
guidelines, the Technical Guidance Document of the EU (European Commission, 2003) gives
information on the requirements these studies should fulfil with regards to the test substance,
test species, exposure, water quality and so on (Appendix III). Toxicity data based on QSAR
studies and data based on methods, which are considered not reliable, are not taken into
consideration to the derivation of ERLs. This also applies for data that are unpublished or that
can not be verified and for ‘higher or lower than’ values. Although not used for the derivation
of ERL, these data are however shown in the tables of the Appendix 1.

The effects that are considered as relevant for the derivation of environmental risk limits are
those that affect the population dynamics, such as survival, immobilisation, growth,
reproduction. Other effects such reburial or photosynthesis might be considered relevant as
well, if they are strongly related to one of the above effects. Toxicity studies with endpoints
such as biochemistry or animal behaviour are not taken into account for the derivation of
ERLs, as they do not have a clear relationship with population dynamics.

Special attention was paid to the experiments with algae, because algae appeared one of the
most sensitive groups for the studied phosphate esters. The most relevant parameter for algae
is the growth rate of the population. If a result was available for growth rate, this was
preferred above other endpoints, for example biomass. If the raw data were presented, growth
rate was deduced from these data if it was not presented. To determine the growth rate, algae
should be in a phase of exponential growth. If mentioned in the study, the growth rate was
selected for the exposure time for which exponential growth could be assumed.

When more data for the same species and the same endpoint are available, a geometric mean
of these data is taken. In the TGD (European Commission, 2003), the use of a geometric mean
is explicitly recommended for acute toxicity data and for chronic toxicity data when a
statistical extrapolation technique is applied. The TGD does not mention this topic in the case
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that assessment factors are used. Here, in all cases a geometric mean is used when toxicity
data are available for the same species and endpoint.

3.2 Derivation of environmental risk limits

3.2.1 Derivation of maximum permissible concentrations (MPCs)

For the derivation of the MPCs the procedures to derive the PNECs from aquatic, terrestrial
and benthic toxicity data as documented in the TGD (European Commission, 2003) are
followed. Concentrations in soil from the toxicity tests are normalised to standard soil, by
taking the organic matter content of both test and standard soil into account (European
Commission, 2003). The environmental risk limits for soil and sediment in the Netherlands
are based on a standard soil with 10% organic matter, in the TGD standard soil has 3.4%
organic matter. Because environmental risk limits for the Netherlands are derived in this
report, a normalisation to 10% organic matter has been applied to the terrestrial data.

For the derivation of the PNECs the assessment factors as mentioned in the TGD are used.
According to the TGD, statistical extrapolation techniques may only be applied if chronic
toxicity data for at least 10 species from 8 different taxonomic groups are available (European
Commission, 2003)

For the derivation of ERLs salt and freshwater data are combined if there are no (statistical)
reasons to keep the data separated. This means that the ERLs are derived using the combined
dataset. However, according to the TGD separate PNECs, and thus MPCs, are derived for
fresh water and marine water. Only if enough additional toxicity data for specific marine
species are available, the same assessment factor as for the derivation of the PNEC for fresh
water may be applied to derive the PNEC for marine water.

3.2.2 Derivation of serious risk concentrations (SRCs,,)

The SRCs,, are derived in accordance with the procedures introduced with the updated
proposals of the first series of compounds of Intervention Values (Verbruggen et al., 2001). In
general the minimum of the geometric mean of the acute toxicity data divided by a factor of
10 and the geometric mean of the chronic toxicity data is taken. In the case of terrestrial (and
benthic) toxicity data a comparison with the value derived by equilibrium partitioning is also
made. In the case that chronic toxicity data are available for at least 4 different taxonomic
groups, the geometric mean of the chronic toxicity data is directly used as SRC, without
comparison.

3.2.3 Derivation of negligible concentrations (NCs)

Negligible concentrations (NCs) are derived by dividing the MPCs by a factor of 100. The
NC represents a value causing negligible effects to ecosystems. This factor is supposed to
function as protection against mixture toxicity, since species are always exposed in the
environment to mixtures of chemicals and complex mixtures of chemicals are generally best
described as concentration-additive (Van Leeuwen et al., 1996; Deneer, 2000).

3.3 Equilibrium Partitioning (EqP)

If no data are available for benthic or terrestrial organisms, the ERLs for sediment and soil are
calculated by equilibrium partitioning according to the TGD. If only acute toxicity data are
available for benthic organisms or only one number for acute toxicity of terrestrial organisms,
equilibrium partitioning is also used in comparison with the direct toxicity data.
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The PNECs calculated according to the TGD are for bulk (wet weight) sediment and soil. In
the framework of INS, sediment and soil concentrations are normalised to dry weight, with
the organic matter content of 10% for Dutch standard soil and sediment. This recalculation is
performed according to the equations as documented in the guidance document for deriving
Dutch Environmental Risk Limits from EU-Risk Assessment Reports (Janssen et al., 2004).
According to the TGD, PNECs for sediment are calculated with the characteristics of
suspended matter. In this report, not only the fraction water and solids but also the organic
carbon content of suspended matter is used in the recalculation of concentrations based on wet
weight suspended matter to Dutch standard sediment. This results in concentrations for
standard sediment, which are twice as low as calculated according to Janssen et al. (2004),
according to which the density and composition of suspended matter must be used for the
recalculation to dry weight, but at the same time the organic carbon content of sediment for
the normalisation to Dutch standard sediment.

Due to the amount of a substance that is present in the (pore)water phase of sediment and soil,
small differences between the ERLs for sediment and soil may occur for less hydrophobic
chemicals. This reflects the fact that although expressed as concentrations normalised to dry
weight of sediment, the total amount of the substance in bulk sediment or soil is determined
by means of common extraction techniques.

3.4 Secondary poisoning

The group of organophosphorus flame retardants are compounds with low to very high
hydrophobicity (log Kow 1 - 9) and therefore, some of these compounds have a potential for
secondary poisoning. However, for several compounds bioconcentration factors appear to be
lower than the trigger value of 100 L/kg (for TCEP, TCPP, TDCP, TBP, TEHP, see

Table A4.1). For some compounds no experimental data on bioaccumulation are available
(TEP, TiBP, and TEBP). Given the low hydrophobicity of TEP, the intermediate
hydrophobicity of TBEP and structural similarity of TiBP to TBP, no high bioconcentration
factors are expected for these compounds as well. The bioconcentration factors for TPP and
TCP are higher, with values up to 2000 L/kg or above. However, the concentration in the tests
resulting in the highest BCF values were determined by liquid scintillation counting (LSC).
With this technique no distinction is made between the parent compound and metabolites.
However, the aryl phosphate esters are rapidly metabolised. BCF values expressed on basis of
the concentration of the parent compound, are lower than that. BCF values for TPP are
generally in the order of 271 to 420 L/kg (Environment Agency, 2003b) and around

310-800 L/kg for TCP (Environment Agency, 2003a).

Further, for TPP and TCP, the uptake from food by minnows (Phoxinus phoxinus) appeared
to be very low, with biomagnification factors (BMF) far below 1 (i.e. 0.001 and less)
(Bengtsson et al., 1986).

Based on the information given above, it was decided not to incorporate secondary poisoning
in the risk assessment. This seems indeed to be justified, because on the draft risk assessment
reports of the Environment Agency of the UK secondary poisoning led to lower values than
direct toxicity, even with the used default biomagnification factors of 1 (Environment
Agency, 2003b; Environment Agency, 2003a).
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4.  Toxicity data and derivation of ERLSs

In this chapter the derived environmental risk limits for the phosphate ester are presented. The
risk limits are presented per compartment.

4.1 Derivation of ERLSs for water

The aquatic toxicity data that are found for the phosphate esters considered in this report are
presented in Appendix 2. The selected toxicity data that were used for the derivation of the
ERLs, are given in separated tables shown in Appendix 1.

4.1.1 Halogenated phosphate esters

4.1.1.1 Tris (2-chloroethyl)phosphate (TCEP)

A draft EU-RAR is available for TCEP (European Commission, 2004c). Aquatic toxicity data
presented in the EU-RAR are reported in Table A2.1 (acute data) and Table A2.2 (chronic
data). Additional aquatic toxicity data, that were found but are not presented in the EU-RAR,
are reported in Table A2.3 (fresh water, acute and chronic) and Table A2.4 (salt water).
Acute toxicity data are available for bacteria, algae, crustaceans, invertebrates and fish.
Especially algae appear to be a sensitive taxonomic group. The most sensitive species is
Scenedesmus subspicatus (algae) and the least sensitive is Moina macropoda (crustacea).
Chronic toxicity was tested for algae and crustacea. The most sensitive species is
Scenedesmus subspicatus (algae) and the least sensitive is Daphnia magna (crustacea).

In the draft EU-RAR the lowest number for the growth rate of Scenedesmus subspicatus of
0.65 mg/L is used as basis for the PNEC. For compounds that are evaluated within the
Existing Substances Regulation the environmental quality standards will be derived following
the PNEC estimated in the EU-RAR. An MPC will thus be derived when the EU-RAR is
finalised and published.

The SCR., is derived from the data set in the EU-RAR. Additional data are not considered.
The selected data from the EU-RAR are tabulated in Table A1.1. The geometric mean of the
acute and chronic toxicity data are 186 and 8.6 mg/L, respectively. As the geometric mean of
the NOEC:s is lower than the geometric mean of the acute values divided by 10, the SRCec
for water is equivalent to the geometric mean of NOEC values resulting in 8.6 mg/L.

4.1.1.2 Tris (2-chloro-1-methylethyl) phosphate (TCPP)

A draft EU-RAR is available for TCPP (European Commission, 2004b). Aquatic toxicity data
presented in the EU-RAR are reported in Table A2.6 (acute data), Table A2.7 (chronic data),
and Table A2.8 (saltwater data, acute). Additional aquatic toxicity data that are not presented
in the EU-RAR are reported in Table A2.9 (saltwater).

Acute toxicity data are available for bacteria, algae, crustaceans and fish. Chronic toxicity are
available for algae and crustaceans. For compounds that are evaluated within the Existing
Substances Regulation the environmental quality standards will be derived following the
PNEC estimated in the EU-RAR. An MPC will be derived when the EU-RAR is finalised and
published. It is concluded in the EU-RAR, that at present it is not possible to determine a
PNEQC, as a full base set of acceptable ecotoxicity data is not available and the results for the
fish and algal tests suggest that Daphnia magna may not represent the most sensitive
taxonomic group and therefore the chronic test data for Daphnia magna cannot be used as the
basis of the PNEC. However, according to the TGD an assessment factor of 100 should be
applied to the lowest NOEC or EC10 in such a case.

For the derivation of the SRC,, for aquatic species, the selected data from the draft EU-RAR
are presented in Table A1.3 (fresh water) and Table A1.4 (saltwater). The geometric mean of
the two chronic toxicity data is 14 mg/L. One acute value is available for the marine
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bacterium Vibrio fischeri. This number seems to be rather high in comparison with the other
toxicity data. However, when examining the other phosphate esters bacteria seem to be rather
insensitive, regardless whether these are fresh water or saltwater species (see tris(iSo-
butyl)phosphate, §4.1.2.2 and data on microbial activity in sludge: Table A2.5,

Table A2.10, Table A2.14, Table A2.19, Table A2.23, Table A2.26, Table A2.30, and

Table A2.41). Therefore, all data are combined. The geometric mean of the acute toxicity data
1s 65 mg/L. The SRC,,, for water is therefore based on the acute toxicity data and is

6.5 mg/L.

4.1.1.3 Tris (1,3-dichloro-2-propyl) phosphate (TDCP)

Aquatic toxicity data for tris (1,3-dichloro-2-propyl) phosphate are reported in Table A2.11
(acute data) and Table A2.12 (chronic data). There are reliable acute toxicity data on algae,
crustaceans and fish and chronic toxicity data on algae. In the draft EU-RAR, the PNEC is
based on the lowest acute value. In this case, the lowest of two LC50s values for rainbow
trout (Oncorhynchus mykiss) is used. For compounds that are evaluated within the Existing
Substances Regulation the environmental quality standards will be derived following the
PNEC estimated in the EU-RAR. An MPC will be derived when the EU-RAR is finalised and
published. However, it is concluded in the EU-RAR, that currently a PNEC can be derived
from the acute data. There are insufficient data to determine a PNEC from chronic test results.
Currently a chronic Daphnia reproduction study is being conducted as part of an industry
programme of further work. With this study available, the assessment factor would be 100
according to the TGD, applied to the lowest NOEC.

For the derivation of the SRC,,, the selected values are reported in Table A1.6. The SRCe,
for water is derived from the geometric mean of the acute toxicity data divided by a factor of
10 and is 0.52 mg/L.

4.1.2 Alkyl phosphate esters

4.1.2.1 Tri-n-butyl phosphate (TBP)

Aquatic toxicity data for tri-n-butyl phosphate are reported in Table A2.15 (freshwater, acute),
Table A2.16 (freshwater, chronic), Table A2.17 (saltwater, acute), and Table A2.18
(saltwater, chronic). Acute toxicity data are available for algae, crustaceans, fish, bacteria,
flatworms and protozoans. The most sensitive species was the crustacean Gammarus
pseudolimnaeus and the least sensitive marine bacterium Vibrio fischeri. Chronic toxicity data
are available for algae, crustaceans, fish, bacteria, cyanophyta, protozoans, and rotifers. The
most sensitive species tested was Scenedesmus subspicatus (algae), the least sensitive species
is Pseudomonas putida. The selected toxicity data for freshwater and saltwater species are
reported in Table A1.8 and Table A1.9. Although chronic toxicity data are available for seven
taxonomic groups, statistical extrapolation may not be applied according to the TGD, because
chronic toxicity data for insects and higher plants are missing. Because chronic toxicity data
are available for algae, Daphnia, and fish, an assessment factor of 10 can be applied to the
lowest NOEC. This is the NOEC of 0.66 mg/L for the growth rate (48-h) of Scenedesmus
subspicatus. The resulting MPC for freshwater is 0.066 mg/L. No additional data are
available for typical marine organisms. Therefore, the applied assessment factor is 100 and
the MPC for the marine environment is consequently 0.0066 mg/L.

For the derivation of the SRC,,, the chronic toxicity to Vibrio fischeri has been taken into
account as well. Although the TGD mentions that for the derivation of the PNEC using
assessment factors, these tests may not be considered as chronic, the test for tri-n-butyl
phosphate is a real chronic test for bacteria (22 hour) which covers several cell multiplications
times (Radix et al., 1999). The geometric mean of the acute and chronic toxicity data are 11
and 5.3 mg/L, respectively. Therefore, the SRCe, is 1.1 mg/L.
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4.1.2.2 Tris(2-methylpropyl) phosphate (TiBP)

Aquatic toxicity data for TiBP are available for algae, crustaceans, fish, and bacteria. Data for
freshwater species are reported in Table A2.20 (acute) and Table A2.21 (chronic). Acute
toxicity to saltwater species is reported in Table A2.22. The selected toxicity data for the
derivation of the ERLs are reported in Table A1.10 (freshwater) and Table A1.11 (saltwater).
Because only one NOEC for algae is available, the MPC is based on the acute toxicity data. In
such a case an assessment factor of 1000 is applied. The lowest EC50 is 11 mg/L for Daphnia
magna. The resulting MPC for freshwater is 0.011 mg/L. For the marine environment, the
assessment factor is 10000 and the resulting MPC is 0.0011 mg/L. The SRC,, is also based
on the combined acute toxicity data sets for freshwater and saltwater. The geometric mean of
these data divided by a factor of 10 is 3.4 mg/L.

4.1.2.3 Triethyl phosphate (TEP)

Selected aquatic toxicity data for triethyl phosphate are reported in Table A2.24 (freshwater,
acute), Table A2.25 (freshwater, chronic), Table A2.27 (saltwater, acute). Acute toxicity data
are given for the base-set (algae, Daphnia, fish). In brackish water one additional species of
crustaceans and one species of fish were tested. The most sensitive species was Daphnia
magna (crustacean) and the least sensitive species was Alburnus alburnus (fish).

Chronic toxicity data are available for Scenedesmus subspicatus (algae) and Daphnia magna
(crustacean).

For Daphnia magna an acute toxicity tests and a reproduction study are available. The EC50
for immobility from the acute toxicity studies ranges from 900-2700 mg/L for an exposure
time of 24 hours, while for 48 and 96 hours exposure the EC50 is 350 mg/L. For the 21-d
reproduction study, the EC50 is 729 mg/L. A NOEC could however not be established. The
lowest tested concentration of 10 mg/L was still statistically different from the control. The
presented data follow a clear dose-response relationship. Therefore, the derived EC10 of
190 mg/L from this relationship is used in the risk assessment (Figure 2).
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Figure 2. Dose-response relationship for the 21-d reproduction test with Daphnia magna. Control
reproduction of 100% was used as well in establishing the top of the dose-response curve.

The base-set for triethyl phosphate is complete. The lowest EC50 is 350 mg/L for Daphnia
magna. For this species a chronic study is available too, together with an EC10 for growth of
the algae Scenedesmus subspicatus. Therefore, an assessment factor of 50 can be applied to
the lowest chronic value, which is the EC10 of 80.3 mg/L for Scenedesmus subspicatus. The
MPC for freshwater thus becomes 1.6 mg/L. No additional data are available for typical
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marine organisms. Therefore, the applied assessment factor is 500 and the MPC for the
marine environment is consequently 0.16 mg/L.

The geometric mean of all acute toxicity data (fresh and brackish water combined) is
1070 mg/L. The geometric mean value for the chronic data is 123 mg/L. The SRC,, is
determined by the mean LC50 value divided by an assessment factor of 10, leading to an
SRC, 0of 110 mg/L.

4.1.2.4 Tris (2-butoxyethyl) phosphate (TBEP)

Selected aquatic toxicity data for tris (2-butoxyethyl) phosphate are reported in Table A2.28.
The only available toxicity data are acute toxicity data for crustaceans (Daphnia) and fish.
The least sensitive species is Daphnia magna (crustacea). In cases where the base-set is not
complete (but at the most the acute toxicity for Daphnia is determined), the PNEC should be
calculated with a factor of 1000 (European Commission, 2003: Note a to Table 16). The
lowest LC50 is 13 mg/L for the fathead minnow (Pimephales promelas). The resulting MPC
for freshwater is 0.013 mg/L. A factor of 10000 is applied for the marine environment and
the resulting MPC is 0.0013 mg/L.

The SRC,, is calculated from the geometric mean of all data with an assessment factor of 10
resulting in a value of 2.9 mg/L.

4.1.2.5 Tris (2-ethylhexyl) phosphate (TEHP)

The only available toxicity data for tris(2-ethylhexyl) phosphate with fish show no effects at
all (Table A2.29). Up to the aqueous solubility no effects are observed. However, the true
solubility of this compound is not clear (Table 10). The measured concentration in the study
with Daphnia magna was 0.074 mg/L. However, calculated values for solubility still are
much lower. Because of the lack of suitable data no MPC can be derived for TEHP.

4.1.3 Aryl phosphate esters

4.1.3.1 Triphenyl phosphate (TPP)

The UK Environment Agency prepared in cooperation with industry a risk assessment of TPP
in an EU-RAR like manner (2003b). Aquatic toxicity data for TPP from this draft risk
assessment report are reported in Table A2.31 (freshwater, acute), Table A2.32 (fresh water,
chronic), and Table A2.33 (saltwater, acute). Additional data to this report are tabulated in
Table A2.34 (freshwater) and Table A2.35 (saltwater). Because risk assessment report of the
Environment Agency is not a report of the European Union and the additional data are
decisive for the derivation of the ERLs, these data have been used as well for the derivation of
the ERLs. The selected data for TPP are shown in Table A1.15 (freshwater) and Table A1.16
(saltwater). The lowest acute EC50s are for the crustaceans Gammarus pseudolimnaeus
(freshwater, 0.25 mg/L) and Mysidopsis bahia (saltwater, 0.24 mg/L). Other groups of species
for which the EC50s lie below or around the aqueous solubility of 0.7-2.1 mg/L are algae
(lowest EC50 of 0.26 mg/L), insects (lowest EC50 of 0.36 mg/L) and fish (lowest EC50 of
0.42 mg/L for three species).

The lowest EC50 of 0.26 mg/L for algae comes from a study with Ankistrodesmus falcatus in
which the uptake of radiolabelled carbon dioxide is studied for 4 hour after an incubation time
with TPP of 24 hour (Wong and Chau, 1984). The presented results show a strong dose-
response relationship (Figure 3). Also tri-0-cresyl phosphate and tri-m-cresyl phosphate
inhibited the carbon uptake to a lesser extent in this test while tri-p-cresyl phosphate induced
no effects. The uptake of carbon dioxide is considered as a measure of primary productivity,
which is the amount of biomass formed by photosynthesis over time (dB/dt). Because the
carbon uptake is preceeded by an incubation time of 24 hours, the initial number of cells when
the uptake experiment started was different for each concentration. The growth rate of algae is
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the amount of biomass (or cells) formed over time relative to the biomass initially present
(dB/dt*1/B). Therefore, the carbon uptake between 24 and 28 hours is not a good measure of
the growth rate, because the initial amount of biomass after 24 hours differs for each exposure
concentration.

The same authors (Wong and Chau, 1984) performed also a growth test during 22 days for
TPP with Ankistrodesmus falcatus. However, the results of this test, based on biomass, were
inconclusive, also when only the first period of the exponential growth phase is considered.
The first two concentrations of 0.05 mg/L and 0.10 mg/L had higher biomass than the control,
while significant inhibition was observed from 0.50 mg/L onward. This is explained by
stimulation, but such an effect was not observed for any other phosphate ester studied in this
report. Further, stimulation is very unlikely, because the algae are initially in an exponential
growth phase and cultivated in a growth medium (CHU-10 in this case). In this case,
limitation by nutrients seems not very plausible. When expressed as growth rate (by taking
the logarithm of the cell density) this effect of stimulation is not observed. Although the
concentrations of 0.05 and 0.10 mg/L show a lower growth rate than the control (12 and 18%
over 3 days, respectively), the irregular growth of in particular the 0.50 mg/L sample over the
first few days does not allow the calculation of a dose-response relationship over 72 hours,
based on growth rate. If on the other hand, the growth rate between 2 and 5 days of exposure
is calculated, a clear dose-response relationship is obtained with an EC10 of 0.016 mg/L and
an EC50 of 0.41 mg/L (Figure 3).

The exponential growth rate of the control from the growth test (0.017 h™', r’=0.95) can also
be assumed for the carbon uptake experiment, which was performed under the same
conditions. Then, the relative amount of biomass formed in the four hours of the carbon
uptake experiment in comparison with the initial amount of biomass can be calculated. From
this value, the growth rate for all of the exposure concentrations of the carbon uptake
experiment can be calculated. For TPP, the EC10 and EC50 for the growth rates are

0.016 mg/L and 0.57 mg/L, respectively. It can be concluded that the these numbers are
accordance with the numbers, determined for the growth rate between day 2 and 5 of that
experiment. Therefore, these numbers are used in the risk assessment.
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Figure 3. Dose-response relationship for a) the carbon dioxide uptake by the algae Ankistrodesmus
falcatus inhibited by triphenyl phosphate and the three isomers (o0, m, p) of tricresyl phosphate and b)
the growth rates deduced from these values and directly determined. Control productivity and growth
rate of 100% was used as well in establishing the top of the dose-response curves.

The most sensitive species in acute experiments are crustaceans. Chronic toxicity data are
available for fish, algae and cyanophyta. Therefore, according to the TGD an assessment
factor of 100 must be applied to the lowest NOEC or EC10. This is the EC10 of 0.016 mg/L
for Ankistrodesmus falcatus. The resulting MPC for freshwater is thus 0.16 pg/L. The
assessment factor for the marine environment is 1000 and the resulting MPC is 0.016 pg/L.
In the draft risk assessment report of the UK an assessment factor of 50 is applied, although it
is recognised that crustaceans might be the most sensitive species, based on an evaluation of
the available long-term invertebrate data for triaryl phosphates as a whole. Further, the data
for Ankistrodesmus falcatus are not studied in more detail. So, applying a factor of 50 to the
lowest EC10 of 0.037 mg/1 obtained for fish, results in a PNEC of 0.74 pg/L in this draft
report.



RIVM report 601501024 page 45 of 118

The geometric mean of the acute toxicity data for the combine data set for of freshwater and
saltwater species is 0.60 mg/L. The geometric mean of the chronic toxicity data is 0.13 mg/L.
The SRC,, is therefore equivalent to the geometric mean of the acute toxicity values divided
by an assessment factor of 10 resulting in 60 pg/L.

4.1.3.2 Tricresyl phosphate (TCP)

Also for tricresyl phosphate a draft risk assessment report is available from the UK
Environment Agency (Environment Agency, 2003a). In Table A2.36 (freshwater, acute),
Table A2.37 (freshwater, chronic), and Table A2.38 (saltwater, acute) the data from this
report are tabulated. Additional data were retrieved and these data are tabulated in

Table A2.39 (freshwater) and Table A2.40 (saltwater). Also in this case, these data have been
used as well for the derivation of the ERLs. The selected data for TCP are shown in Table
A1.17 (only freshwater). Values more than three times the aqueous solubility of

0.074-0.34 mg/L were discarded, so only values lower than 1 mg/L are selected.
Tricresylphosphate is produced as technical mixtures (see §2.3.3.2). Since too few data are
available to distinguish toxicity between the different isomers, all data are taken together.
Acute and chronic toxicity data are selected for algae, crustaceans (Daphnia) and fish. All
acute toxicity data are rather close to each other, varying from 0.11 mg/L (Lepomis
macrochirus) up to the aqueous solubility. From the chronic studies it appears that algae and
especially fish are the most sensitive taxonomic groups.

The MPC will be derived based on the available chronic data. As data are available for three
different trophic levels, an assessment factor of 10 is appropriate. Thus applying this factor to
the lowest NOEC of 0.32 pg/1 for fish gives a MPC for freshwater of 0.032 pg/L. No data
are available for saltwater species. Therefore, the assessment factor for the marine
environment is 100, resulting in an MPC of 0.0032 pg/L. The PNEC from the draft risk
assessment report of the UK Environment Agency is derived in the same way.

The geometric mean of the selected acute values is 0.36 mg/L. The geometric mean of the
chronic toxicity data is 0.029 mg/L. As the geometric mean of the acute values divided by 10
is higher as the geometric mean of the chronic values, the SRC, is equivalent to the
geometric mean of the chronic values of 31 pg/L.

4.2 Derivation of ERLs for soil

The terrestrial toxicity data that are found for the phosphate esters considered in this report are
presented in Appendix 2. The selected toxicity data are given in separated tables shown in
Appendix 1.

4.2.1 Halogenated phosphate esters

4.2.1.1 Tris (2-chloroethyl)phosphate (TCEP)

For soil, appropriate data are available for plants, springtails, earthworms and dehydrogenase
activity (Table A3.1). The study with the terrestrial plant Avena sativa includes germination
and two weeks growth. According to the OECD guideline 208 this is an acute study.
Moreover, a NOEC could not be established statistically. Therefore, this test is only included
as acute test. For earthworms (Eisenia andrei) no acute toxicity was observed at
concentrations up to 1000 mg/kg. However, in the same 14-d study a NOEC for growth of
577 mg/kgqw (10% o.m.) was found. For the springtail Folsomia candida a chronic
reproduction test was performed. The EC10 for reproduction was 44.6 mg/kga, (1.21% o.m.).
In the same test an LC50 of 66.5 mg/kgqy was found for the parent generation. However, this
value is not selected as an acute value, because in the acute test (24-h) the LC50 was higher
than 1000 mg/kgaw with the first signs of mortality at this concentration. For dehydrogenase
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activity, a 28-d study was performed with two types of soil (1.53 and 3.74% o.m.). In the soil
with the lower organic matter content, inhibition of dehydrogenase activity was observed at
both concentrations, while in the soil with the higher organic matter content only the highest
concentration of 50 mg/kggy, lead to significant effects. Normalised to standard soil with an
organic matter content of 10%, an EC10 of 28 mg/kg4. could be derived from these three
data.

In the draft EU-RAR, the PNEC for soil is based on the NOEC for Folsomia candida, because
the information on chronic toxicity to Folsomia covers a broader spectrum of effects than the
28-d study with bacteria (dehydrogenase activity). No normalisation was applied to the data to
correct for the percentage organic matter in the soil, although this should be done according to
the TGD. In the draft EU-RAR this subject is not discussed at all.

Similar to the MPC for water, an MPC for soil will be derived when the EU-RAR is finalised
and published. The SCR,, is derived from the data set in the EU-RAR. The selected data
from the EU-RAR are tabulated in Table A1.2. The geometric mean of the two normalised
chronic EC10s is 68 mg/kggy. The EC50 value divided by 10 is 28 mg/kggy. This value for
the SRC,, for soil derived directly from the terrestrial data has to be compared with a value
for equilibrium partitioning, because of the limited amount of terrestrial data. The value
derived by equilibrium partitioning recalculated to dry weight is 59 mg/kg4w. The value
derived from terrestrial toxicity data is lower and therefore, the SRCe, for soil is 28 mg/kggy.

4.2.1.2 Tris (2-chloro-1-methylethyl) phosphate (TCPP)

Terrestrial toxicity data for TCPP are available for earthworms and plants (Table A3.2). In the
draft EU-RAR, the PNEC is based on the NOEC for emergence of lettuce (Lactuca sativa).
This is the lowest value for TCPP. However, in the draft EU-RAR only the numbers for the
studies with earthworms (Eisenia fetida) are normalised to organic matter content (10% o.m.).
The study with three species of terrestrial plants, performed with a soil with an organic matter
content of 1.4%, is not normalised to standard soil, because this would only lead to higher
values.

Similar to the MPC for water, an MPC for soil will be derived when the EU-RAR is finalised
and published. The SCR, is derived from the data set in the EU-RAR. If all data are
normalised to standard soil, the lowest value is the NOEC of 33 mg/kgg. for mortality of
Eisenia fetida from an acute 14-d study. The NOEC for reproduction of Eisenia fetida from a
56-d chronic study is 53 mg/kgqy. This value is selected as chronic value, together with the
three NOEC for terrestrial plants, normalised to the Dutch standard soil with 10% organic
matter (Table A1.5). The geometric mean of these data is 120 mg/kgqy. The acute LC50 for
Eisenia fetida is 97 mg/kgaw. This value divided by a factor of 10 is the SRC,, for soil
derived directly from the terrestrial data. Because of the limited amount of terrestrial data, this
value has to be compared with a value for equilibrium partitioning. The value derived by
equilibrium partitioning recalculated to dry weight is 222 mg/kgg,. The value derived from
terrestrial toxicity data is lower and therefore, the SRC,, for soil is 9.7 mg/kggy.

4.2.1.3 Tris (1,3-dichloro-2-propyl) phosphate (TDCP)

Only one terrestrial toxicity study is available for TDCP (Table A3.3). The PNEC from the
draft EU-RAR is based on this value. Similar to the MPC for water, an MPC for soil will be
derived when the EU-RAR is finalised and published. The SCR, is derived from the data set
in the EU-RAR. The selected data from the EU-RAR are tabulated in Table A1.7. The LC50
value divided by 10 is 13 mg/kgqy. This value for the SRC,, for soil derived directly from the
terrestrial data has to be compared with a value for equilibrium partitioning, because of the
limited amount of terrestrial data. The value derived by equilibrium partitioning recalculated
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to dry weight is 376 mg/kgqw. The value derived from terrestrial toxicity data is lower and
therefore, the SRCe, for soil is 13 mg/kggy.

4.2.2 Alkyl phosphate esters

4.2.2.1 Tri-n-butyl phosphate (TBP)

No terrestrial toxicity data for TBP are available. Therefore, the ERLs have to be derived by
equilibrium partitioning. The used log K, value for TBP of 3.13 was calculated from the

log Kow value (4.00). The Henry coefficient was estimated from the experimental solubility of
280 mg/L and vapour pressure of 0.904 Pa (gas saturation method). The resulting MPC for
soil recalculated to dry weight for standard soil (10% o.m.) is 5.3 mg/kgqw. The
corresponding SRCe, is 88 mg/kggy.

4.2.2.2 Tris(2-methylpropyl) phosphate (TiBP)

No terrestrial toxicity data for TiBP are available. Therefore, the ERLs have to be derived by
equilibrium partitioning. The used log K, value for TiBP of 2.99 was calculated from the
log Kow value. The Henry coefficient was estimated from the experimental solubility of

265 mg/L and vapour pressure of 0.95 Pa. The resulting MPC for soil recalculated to dry
weight for standard soil (10% o.m.) is 0.64 mg/kggy. The corresponding SRC, 18

200 mg/kggy.

4.2.2.3 Triethyl phosphate (TEP)

Only one terrestrial toxicity study is available for TEP for Eisenia fetida (Table A3.4). In this
acute toxicity study, the LC50 was higher than 1000 mg/kgg,. The NOEC for mortality in this
14-d study was 100 mg/kgqw. Although no organic matter content is given, it is likely that this
will be the same as in the study for tris(2-ethylhexyl) phosphate, also performed by Bayer
AG, in which an OECD soil was used with 10% organic matter (Bayer AG, 1998). However,
because this is an acute toxicity study, the use of this value is limited. Therefore, the ERLs
have to be derived by equilibrium partitioning. The used log K, value for TEP of 1.56 was
calculated from the log K, value (0.80). The Henry coefficient was experimentally
determined by gas-stripping and is 0.0037 Pa-m’/mol. The resulting MPC for soil
recalculated to dry weight for standard soil (10% o.m.) is 4.1 mg/kgayw. The corresponding
SRCc 1s 270 mg/kggy.

4.2.2.4 Tris (2-butoxyethyl) phosphate (TBEP)

No terrestrial toxicity data for TBEP are available. Therefore, the ERLs have to be derived by
equilibrium partitioning. The used log K, value for TEBP of 3.01 was calculated from the
experimental log K,y value (3.75). The Henry coefficient was estimated from the
experimental solubility of 1100 mg/L and vapour pressure of 2.8-10” Pa (GC-method). The
resulting MPC for soil recalculated to dry weight for standard soil (10% o.m.) is

0.81 mg/kggy. The corresponding SRCec, is 180 mg/kggy.

4.2.2.5 Tris(2-ethylhexyl) phosphate (TEHP)

Only one terrestrial toxicity study is available for TEHP for Eisenia fetida (Table A3.5). In
this acute toxicity study, the LC50 was higher than 1000 mg/kgg,. The NOEC for weight loss
in this 14-d study was 562 mg/kgg,, in a soil with 10% organic matter. However, because this
is an acute toxicity study, the use of this value is limited. Because no ERLs for water could be

determined, the derivation of ERLs for soil by equilibrium partitioning is not possible.
Therefore, no MPC and SRC,., for soil are derived.
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4.2.3 Aryl phosphate esters

4.2.3.1 Triphenyl phosphate (TPP)

No terrestrial toxicity data for TPP are available. Therefore, the ERLs have to be derived by
equilibrium partitioning. The experimental log K, value for TPP of 4.00 was used. The Henry
coefficient was estimated from the experimental solubility of 1.9 mg/L and vapour pressure of
2.4107 Pa. The resulting MPC for soil recalculated to dry weight for standard soil (10%
o.m.) was 0.095 mg/kgg4w. The corresponding SRC,, is 35 mg/kggy.

4.2.3.2 Tricresyl phosphate (TCP)

No terrestrial toxicity data for TCP are available. Therefore, the ERLs have to be derived by
equilibrium partitioning. The used log K, value for TCP of 3.67 was calculated from the
experimental log K, value (5.11). The Henry coefficient was estimated from the
experimental solubility of 0.34 mg/L (generator-column method) and vapour pressure of
6.6:10” Pa. The resulting MPC for soil recalculated to dry weight for standard soil (10%
o.m.) is 0.0089 mg/kgqy. The corresponding SRC,, is 8.6 mg/kggs.

4.3 Derivation of ERLSs for sediment

No toxicity data for benthic organisms are available. Therefore, all environmental risk limits
will be derived by equilibrium partitioning.

4.3.1 Halogenated phosphate esters

4.3.1.1 Tris (2-chloroethyl)phosphate (TCEP)

Similar to the MPC for water and soil, an MPC for soil will be derived when the EU-RAR is
finalised and published. According to the TGD, equilibrium partitioning is applied using the
characteristics of suspended matter. The derived SRC, for sediment, recalculated to dry
weight, is 74 mg/Kgaw.

4.3.1.2 Tris (2-chloro-1-methylethyl) phosphate (TCPP)

Similar to the MPC for water and soil, an MPC for soil will be derived when the EU-RAR is
finalised and published. According to the TGD, equilibrium partitioning is applied using the
characteristics of suspended matter. The derived SRC, for sediment, recalculated to dry
weight, is 230 mg/kgay.

4.3.1.3 Tris (1,3-dichloro-2-propyl) phosphate (TDCP)

Similar to the MPC for water and soil, an MPC for soil will be derived when the EU-RAR is
finalised and published. According to the TGD, equilibrium partitioning is applied using the
characteristics of suspended matter. The derived SRC, for sediment, recalculated to dry
weight, is 380 mg/kgqy.

4.3.2 Alkyl phosphate esters

4.3.2.1 Tri-n-butyl phosphate (TBP)

Similar to soil, the ERLs are derived by equilibrium partitioning with the same log K, value
of 3.13. The resulting MPC for sediment recalculated to dry weight for standard sediment
(10% o.m.) is 5.4 mg/kgqy. The corresponding SRC¢c is 90 mg/Kggy.
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4.3.2.2 Tris(2-methylpropyl) phosphate (TiBP)

Similar to soil, the ERLs are derived by equilibrium partitioning with the same log K, value
of 2.99. The resulting MPC for sediment recalculated to dry weight for standard sediment
(10% o.m.) is 0.66 mg/kgqw. The corresponding SRCec, is 200 mg/Kggy.

4.3.2.3 Triethyl phosphate (TEP)

Similar to soil, the ERLs are derived by equilibrium partitioning with the same log K, value
of 1.56. The resulting MPC for sediment recalculated to dry weight for standard sediment
(10% o.m.) is 6.8 mg/kgqw. The corresponding SRC,, 1s 460 mg/Kgqy.

4.3.2.4 Tris (2-butoxyethyl) phosphate (TBEP)

Similar to soil, the ERLs are derived by equilibrium partitioning with the same log K, value
of 3.01. The resulting MPC for sediment recalculated to dry weight for standard sediment
(10% o.m.) is 0.83 mg/kgaw. The corresponding SRCp¢ is 180 mg/kgay.

4.3.2.5 Tris(2-ethylhexyl) phosphate (TEHP)

Because no ERLs for water could be determined, the derivation of ERLs for sediment by
equilibrium partitioning is not possible. Therefore, no MPC and SRC,, for sediment are
derived.

4.3.3 Aryl phosphate esters

4.3.3.1 Triphenyl phosphate (TPP)

Similar to soil, the ERLs are derived by equilibrium partitioning with the same log K, value
of 4.00. The resulting MPC for sediment recalculated to dry weight for standard sediment
(10% o.m.) is 0.095 mg/kgqyw. The corresponding SRCe, is 35 mg/kggy.

4.3.3.2 Tricresyl phosphate (TCP)

Similar to soil, the ERLs are derived by equilibrium partitioning with the same log K, value
of 3.67. The resulting MPC for sediment recalculated to dry weight for standard sediment
(10% o.m.) 1s 0.0090 mg/kgaw. The corresponding SRCe, 1s 8.6 mg/kggy.

4.4 Summary of derived ERLSs

The derived ERLSs for water, sediment, and soil are that were derived are summarised below.
In Table 13 the derived risk limits for water are reported. For the calculation of the total
concentration in water, 30 mg/L for the concentration of suspended solids in water, consisting
for 20% of organic matter. These values are the standard values within the framework of INS
(Traas, 2001). The values for marine water (only dissolved) are all 1/ 10™ of the values for
fresh water. Due to the absence of suitable toxicity data, no ERLs have been derived for
TEHP.

In Table 14, the derived risk limits for soil and sediment are presented. The data are
normalised to an organic matter content of 10%. This is the standard organic matter content
for soil and sediment within the framework of INS (Traas, 2001).
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Table 13. Environmental risk limits for phosphate esters in water.
SRCeco, dissolved SRC eco, total MPCdissolved AF MPCtotal chissolved NClolal
[mg/L] [mg/L] [ne/L] [ne/L] [ne/L] [ne/L]
TCEP | 8.6 8.6 a a a a
TCPP | 6.5 6.5 a a a a
TDCP | 0.52 0.54 4 . : :
TBP 1.1 1.1 66 10 66 0.66 0.66
TiBP 34 34 11 1000 | 11 0.11 0.11
TEP 110 110 1600 50 1600 16 16
TBEP | 2.9 29 13 1000 | 13 0.13 0.13
TPP 0.060 0.062 0.16 100 0.17 0.0016 0.0017
TCP 0.031 0.031 0.032 10 0.033 0.00032 0.00033
Notes
a: MPC and NC to be derived when the EU-RAR is published
Table 14. Environmental risk limits for phosphate esters in soil and sediment.
SRCeco, soil MPC NCioii SRCco, sediment MPCediment NCsediment
[mg/kgaw] [ne/kgiw] [ne/kgiw] [mg/kgaw] [re/kgaw] [ne/kgw]
TCEP | 28° b b 74 b °
TCPP | 9.7° b b 230 b b
TDCP | 13° b b 380 b b
TBP 88 5300 53 90 5400 54
TiBP 200 640 6.4 200 660 6.6
TEP 270 4100 41 460 6800 68
TBEP | 180 810 8.1 180 830 8.3
TPP 35 95 0.95 35 95 0.95
TCP 8.6 8.9 0.089 8.6 9.0 0.090
Notes

a: derived from terrestrial toxicity data
b: MPC and NC to be derived when the EU-RAR is published
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5.  Preliminary risk analysis

The data that were found for the Dutch environment date back to before 1990. In 1974, TCEP
was found in the Dutch river Waal (IPCS, 1998). In 1979, TCEP was detected in water from
the River Rhine at Lobith in the Netherlands at a level of 1 pg/L and at lower levels from 0.16

to 0.35 pg/L in 1986. In 1989 samples were taken at several points in the Rhine delta
(Hendriks et al., 1994). After sedimentation of suspended matter, the organic matter in the
water was extracted with XAD resin. The compounds that were reported were TEP, TDCP
(with possible interference of TCPP), and TCEP. The concentration ranges from not detected
to 0.422 pg/L for TEP, from not detected to 0.055 for TDCP, and from 0.048 to 0.172 pg/L
for TCEP (Table 15).

Table 15. Monitoring data from the Rhine delta in 1989 (Hendriks et al., 1994).

Compound | Location Date Concentration [pg/L]
TCEP Markermeer 24/01/1989 0.05
TCEP Kampen 21/04/1989 0.056
TCEP Lobith 17/03/1989 0.129
TCEP Lobith 15/09/1989 0.056
TCEP Werkendam 29/09/1989 0.172
TCEP Maassluis 26/05/1989 0.067
TCEP Maassluis 22/09/1989 0.092
TCEP Haringvliet 19/05/1989 0.048
TDCP Markermeer 24/01/1989 0
TDCP Kampen 21/04/1989 0
TDCP Lobith 17/03/1989 0
TDCP Lobith 15/09/1989 0
TDCP Werkendam 29/09/1989 0.038/0.055
TDCP Maassluis 26/05/1989 0.024
TDCP Maassluis 22/09/1989 0.026
TDCP Haringvliet 19/05/1989 0.025
TEP Markermeer 24/01/1989 0.079
TEP Kampen 21/04/1989 0.042
TEP Lobith 17/03/1989 0
TEP Lobith 15/09/1989 0.077
TEP Werkendam 29/09/1989 0
TEP Maassluis 26/05/1989 0.422
TEP Maassluis 22/09/1989 0.079
TEP Haringvliet 19/05/1989 0.05

More recent monitoring data are available for several of the phosphate esters. From data for

the river Meuse and tributaries in 2002/2003 (see Table 16) it appears that the concentration
of TCEP in the river Meuse at Keizersveer itself is much higher than in the tributaries Dieze
and Niers (Jeuken and Barreveld, 2004). Concentrations of TCEP in water from the river Lek
in 2002 (Table 17) show similar concentrations as those in the Meuse (RIWA, 2003).
Concentrations of TCEP in STP effluents that discharge into the river Meuse have much
higher concentrations (Berbee et al., 2004). The concentrations of TCEP in STP effluents in
Friesland is similar to that in the STP effluents discharging into the river Meuse (Berbee et al.,
2004). From a comparison of concentrations of TCEP in surface water in 1989 (Table 15)
with the concentrations in 2002 (Table 16 and Table 17), it can be concluded that the
concentrations of TCEP remained relatively constant over the period of 13 years.
Concentrations of TDCP from STP effluents in 2002/2003 (Table 16) were in the same order
of magnitude as concentrations in surface water in 1989 (Table 15). Maximum concentrations
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of TEBP from STP effluents in 2003 (Table 16) were higher than concentrations in surface
water in 2002/2003 (Table 16 and Table 17).

For TCPP, TBP, and TPP more monitoring data are available from the internet-database
Waterbase (V&W, ). The concentrations of TCPP at Amsterdam, Belfeld, Eemmeerdijk,
Eijsden, Haringvlietsluit, [Jmuiden, Lobith, Maassluis, Schaar van Ouden Doel, and
Steenbergen in 2002 and 2003 were all lower than the detection limit of 5 pg/L. However, this
limit seems rather high and lower have been reported. The average values are 1.93 pg/L in the
effluents of STPs discharging into the river Meuse (Table 16) and 0.27 and 0.55 pg/L for two

1somers in water of from the river Lek (Table 17). The 90" percentiles were 0.07 ug/L in the
river Roer (tributary of the river Meuse) in 2002/2003 (Table 16) and 0.31 and 0.61 pg/L for
two isomers in water of from the river Lek at Nieuwegein in 2002 (Table 17).
The concentrations of TBP at seven of the sixteen locations were always below the detection
limit of 0.1 pg/L at all sampling times (Table 18). The highest average concentrations in the
period 2002-2004 are found at two locations in the river Meuse (Eijsden and Belfeld). At both
locations highest average and maximum concentrations were found in 2004. Although the
concentrations at Nieuwegein in 2002 (Table 17) are similar to the concentrations in Belfeld
in 2002 and 2003, the concentrations in 2004 were below the detection limit as well (Table
18). The concentrations in effluents to STP (Table 16) are higher than these concentrations in
surface waters. However, the average (0.93 pg/L) and maximum (4.5 ug/L) of the
concentrations measured at Eijsden in 2004 (Table 18) approach those of the effluents (1.11
and 6.48 ng/L, respectively).

Table 16. Monitoring data for several phosphate ester in the river Meuse and tributaries (data from
Jeuken and Barreveld (2004)) and discharging effluents in comparison with effluents in Friesland
(data from Berbee et al. (2004)).

Compound | Location Date Max |90"P [Avg |[Med | Min
[ng/L] | [pe/L] | [ng/L] | [pg/L] | [pe/L]

TCEP STP effluents (5) Meuse basin | 12/2002-3/2003 0.83 0.42 0.58

TCEP STP effluents Friesland (NL) end of the 90s 0.6

TCEP Keizersveer 3/2002-2/2003 0.14

TCEP Dieze 3/2002-2/2003 0.01

TCEP Niers 3/2002-2/2003 0.02

TCPP STP effluents (5) Meuse basin | 12/2002-3/2003 4.2 1.93 1.57 0.11

TCPP Roer 3/2002-2/2003 0.07

TDCP STP effluents (5) Meuse basin | 12/2002-3/2003 0.45 0.15

TBP STP effluents (5) Meuse basin | 12/2002-3/2003 6.48 1.11 0.16 0.01

TBP STP effluents Friesland (NL) | end of the 90s 8

TBP River Meuse (6 locations) 3/2002-2/2003 7.21

TBEP STP effluents (5) Meuse basin | 12/2002-3/2003 1.12 0.05

TBEP STP effluents Friesland (NL) end of the 90s 2

Table 17. Monitoring data for several phosphate ester near the river Lek at Nieuwegein (data from
RIWA (2003))

Compound Location Date Max | 90"P | Avg 10" P | Min
[ng/L] | [peg/L] | [ne/L] | [pg/L] | [pg/L]
TCEP Nieuwegein 4/2002-6/2002 0.24 0.20 0.14 0.11 0.11
TCPP 1% isomer Nieuwegein 4/2002-6/2002 1.72 0.31 0.27 0.09 0.05
TCPP 2™ isomer Nieuwegein 4/2002-6/2002 0.62 0.61 0.55 0.49 0.48
TEP Nieuwegein 4/2002-6/2002 0.44 0.25 0.16 0.10 0.10
TBP Nieuwegein 4/2002-6/2002 0.51 0.44 0.24 0.09 0.05
TiBP Nieuwegein 4/2002-6/2002 0.15 0.15 0.12 0.10 0.09
TBEP Nieuwegein 4/2002-6/2002 0.40 0.32 0.22 0.17 0.16
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Table 18. Monitoring data for tri-n-butyl phosphate (TBP) at several places in the Netherlands in the
period 1999-2004 (data from Waterbase (V&W, )).

Location Date Max [ 90"P | Avg Med | Min
(ng/L] | [wg/L] | [ng/L] | [ng/L] | [pg/L]
Amsterdam km 25 2002 <0.1 <0.1 <0.1 <0.1 <0.1
Amsterdam km 25 2003 <0.1 <0.1 <0.1 <0.1 <0.1
Amsterdam km 25 2004 <0.1 <0.1 <0.1 <0.1 <0.1
Belfeld boven 2002 0.72 0.52 0.23 0.14 <0.1
Belfeld boven 2003 0.56 0.29 0.14 <0.1 <0.1
Belfeld boven 2004 3.8 0.68 0.49 0.19 <0.1
Eemmeerdijk km 23 2002 <0.1 <0.1 <0.1 <0.1 <0.1
Eemmeerdijk km 23 2003 <0.1 <0.1 <0.1 <0.1 <0.1
Eemmeerdijk km 23 2004 <0.1 <0.1 <0.1 <0.1 <0.1
Eijsden ponton 2002 2.7 1.2 0.48 0.25 <0.1
Eijsden ponton 2003 2.6 0.58 0.39 0.15 <0.1
Eijsden ponton 2004 4.5 24 0.93 0.6 <0.1
Haringvlietsluis 2002 0.13 <0.1 <0.1 <0.1 <0.1
Haringvlietsluis 2003 0.13 <0.1 <0.1 <0.1 <0.1
Haringvlietsluis 2004 0.12 0.12 <0.1 <0.1 <0.1
IJmuiden km 2 2002 0.34 0.32 0.13 <0.1 <0.1
IJmuiden km 2 2003 0.13 <0.1 <0.1 <0.1 <0.1
IJmuiden km 2 2004 0.21 0.17 <0.1 <0.1 <0.1
Lobith ponton 2002 0.11 <0.1 <0.1 <0.1 <0.1
Lobith ponton 2003 0.11 <0.1 <0.1 <0.1 <0.1
Lobith ponton 2004 <0.1 <0.1 <0.1 <0.1 <0.1
Maassluis 2002 0.37 <0.1 <0.1 <0.1 <0.1
Maassluis 2003 <0.1 <0.1 <0.1 <0.1 <0.1
Maassluis 2004 0.13 <0.1 <0.1 <0.1 <0.1
Schaar van Ouden Doel 2002 0.16 0.12 <0.1 <0.1 <0.1
Schaar van Ouden Doel 2003 0.22 0.13 <0.1 <0.1 <0.1
Schaar van Ouden Doel 2004 0.25 <0.1 <0.1 <0.1 <0.1
Steenbergen 2002 <0.1 <0.1 <0.1 <0.1 <0.1
Steenbergen 2003 <0.1 <0.1 <0.1 <0.1 <0.1
Steenbergen 2004 <0.1 <0.1 <0.1 <0.1 <0.1
Brienenoord km 996.5 2004 <0.1 <0.1 <0.1 <0.1 <0.1
Keizersveer 2004 0.21 0.18 <0.1 <0.1 <0.1
Ketelmeer west 2004 <0.1 <0.1 <0.1 <0.1 <0.1
Nieuwegein 2004 <0.1 <0.1 <0.1 <0.1 <0.1
Puttershoek 2004 <0.1 <0.1 <0.1 <0.1 <0.1
Vrouwenzand 2004 0.13 <0.1 <0.1 <0.1 <0.1

The concentrations of triphenyl phosphate are highest at Steenbergen. The maximum
concentrations found was 0.99 pg/L in 1999. For all locations and dates except one the
median of the concentrations is below the detection limit of 0.05 pg/L. This means that in
more than half of the samples TPP is not detected. Only in Eijsden in 2003, TPP was
measured in 9 of the 13 samples. Only for a few locations, maximum concentrations exceed
the concentration of 0.1 pg/L. These location are Eijsden, [Jmuiden, Steenbergen, and Schaar
van Ouden Doel.

When the reported concentrations are compared with the derived risk limits, it can be
concluded that for TEP the reported concentrations do not exceed any of the risk limits. For
the chlorinated TCEP, TCPP, and TDCP no MPCs and NCs are derived until the EU RARs
are published, but for these compounds the NC will probably lie in the range of measured
concentrations, but might be exceeded. However, concentrations remain well below the MPC.
This is also true for the alkyl phosphate esters TBP, TiBP and TEBP. Only for TPP the
measured concentrations might exceed the MPC of 0.17 pg/L as well. A comparison with the
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NC is difficult for TPP, because the detection limit is 0.05 ug/L, only three times lower than
the MPC.

Table 19. Monitoring data for triphenyl phosphate (TPP) at several places in the Netherlands in the
period 1999-2004 (data from Waterbase (V&W, )).

Location Date Max [90®"P |Avg |[Med [ Min
(/L] | [wg/L] | [pg/L] | [ng/L] | [pg/L]
Amsterdam km 25 1999 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Amsterdam km 25 2000 0.05 <0.05 | <0.05 | <0.05 | <0.05
Amsterdam km 25 2001 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Amsterdam km 25 2002 <0.05 | <0.05 | <0.05 [ <0.05 | <0.05
Amsterdam km 25 2003 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Belfeld boven 2002 0.06 <0.05 | <0.05 | <0.05 | <0.05
Belfeld boven 2003 0.08 <0.05 | <0.05 | <0.05 | <0.05
Eemmeerdijk km 23 2002 <0.05 | <0.05 | <0.05 [ <0.05 | <0.05
Eemmeerdijk km 23 2003 0.05 <0.05 | <0.05 | <0.05 | <0.05
Eijsden ponton 2002 0.21 0.08 <0.05 | <0.05 | <0.05
Eijsden ponton 2003 0.15 0.14 0.07 0.06 <0.05
Haringvlietsluis 1999 0.09 0.05 <0.05 | <0.05 | <0.05
Haringvlietsluis 2000 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Haringvlietsluis 2001 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Haringvlietsluis 2002 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Haringvlietsluis 2003 <0.05 | <0.05 | <0.05 [ <0.05 | <0.05
IJmuiden km2 1999 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
[Jmuiden km2 2000 0.15 0.08 <0.05 | <0.05 | <0.05
IJmuiden km2 2001 <0.05 | <0.05 | <0.05 [ <0.05 | <0.05
IJmuiden km2 2002 <0.05 | <0.05 | <0.05 [ <0.05 | <0.05
IJmuiden km2 2003 0.1 0.06 <0.05 | <0.05 | <0.05
Lobith ponton 2002 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Lobith ponton 2003 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Maassluis 2002 <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Maassluis 2003 0.09 <0.05 | <0.05 | <0.05 | <0.05
Schaar van Ouden Doel 2002 0.13 0.12 0.05 <0.05 | <0.05
Schaar van Ouden Doel 2003 0.09 0.07 <0.05 | <0.05 | <0.05
Steenbergen (Roosendaalse Vliet) 1999 0.99 0.63 0.23 <0.05 | <0.05
Steenbergen (Roosendaalse Vliet) 2000 0.07 <0.05 | <0.05 | <0.05 | <0.05
Steenbergen (Roosendaalse Vliet) 2001 0.14 0.11 0.06 <0.05 | <0.05
Steenbergen (Roosendaalse Vliet) 2002 0.06 <0.05 | <0.05 | <0.05 | <0.05
Steenbergen (Roosendaalse Vliet) 2003 0.1 0.08 <0.05 | <0.05 | <0.05
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6. Conclusions and recommendations

In this report environmental risk limits were derived for some phosphate esters, of which
several are used as flame retardants. Within the framework of INS these compounds were not
regarded yet, and consequently no comparison with former ERLs can be made. In general the
number of aquatic toxicity data was sufficient to derive environmental risk limits. However,
many of the data had to be retrieved from summaries from [UCLID (European Commission,
2000) or other secondary sources. Otherwise, the number of data would be very limited. Only
for two compounds, an assessment factor of 10 could be used to derive the MPCs. In all other
cases, chronic toxicity data were not available for all three trophic levels. For TEHP the
number of suitable data was insufficient to derive ERLs. This fact is probably connected with
the fact that the toxicity of this compounds is limited by its aqueous solubility. For TCEP,
TCPP, and TDCP no MPCs and NCs were derived. These values are derived when the final
EU RAR on these substances are finished with the PNEC as basis for the MPC.

For soil and sediment, the number of toxicity data was very limited. For TCEP, TCPP, TDCP,
TEP, and TEHP terrestrial studies were retrieved. However, for TEP and TEHP these studies
showed no suitable endpoint with no acute toxicity and only NOECs from an acute study.
Therefore, for all these compounds the ERLs for soil are derived by equilibrium partitioning
as well. For the three chlorinated phosphate esters, for which no MPC and NC are derived
pending the publication of the final EU RAR on these substances, the terrestrial toxicity data
lead to lower SRC,, values than those derived by equilibrium partitioning. For benthic
organisms no data were found for any of the compounds. It can be concluded that data for
terrestrial and benthic organisms would be useful to get more insight in the vulnerability of
species in these compartments.

Monitoring data for the phosphate esters in the Netherlands are scarce and only for a few
compounds. Moreover, the data date back from before 1990. From these data it can be
concluded that the compounds do not pose a direct risk for the aquatic environment. However,
the studied compounds were not the most toxic among the studied phosphate esters and the
concentrations at present are unknown. Therefore, it would be useful to have new monitoring
data available, covering all studied compounds.



page 56 of 118 RIVM report 601501024




RIVM report 601501024 page 57 of 118

Acknowledgements

Thanks are due to drs. E.M. Maas and ing. M. Adams, who are contact persons at the Ministry
of Housing, Spatial Planning and the Environment (VROM-DGM/SAS). We want to
acknowledge Dr. M.P.M. Janssen who is program coordinator for RIVM project 601501 in
which the work was performed.

Thanks are due to Mr A.G.M. Kroon (Supresta Netherlands B.V., formerly Akzo Nobel
Chemicals B.V.) and Mr N. Westrop (Pefrc) for helpful discussions and providing us with
additional data.

The results as presented in this report have been discussed by the members of the scientific
advisory group (WK-INS), who are acknowledged for their contribution. The advisory group
provides a non-binding scientific comment on the final draft of a report in order to advise the
Steering Committee for Substances on the scientific merits of the report.



page 58 of 118 RIVM report 601501024




RIVM report 601501024 page 59 of 118

References

Adema DMM, Canton JH, Slooff W, Hansveit AO. 1981. Onderzoek naar een geschikte combinatie
toetsmethoden ter bepaling van de aquatische toxiciteit van milieugevaarlijke stoffen. Bilthoven, the
Netherlands: National Institute for Public Health and the Environment. RIVM report 627905001.

Adema DMM, Kuiper J, Hanstveit AO, Canton HH. 1983. Consecutive system of tests for assessment of the
effects of chemical agents in the aquatic environment. In: Miyamoto J, Kearney PC, eds. Pesticide Chemistry,
Human Welfare and the Environment. Proceedings of the 5th International Congress of Pesticide Chemistry,
Kyoto, Japan, 29 August - 4 September 1982. IUPAC symposium series Oxford, UK: Pergamon Press.

Akzo Chemicals. 1990a. Unpublished data. Life Science Research Report 89/AK1.022/1063.

Akzo chemicals. 1990b. Unpublished data. Life Science Research Report 90/AKL021/0161.

Akzo Chemicals . 1992. Unpublished data. Life Science Research Report CRL F92016.

BASF AG Abteilung Toxikologie. 1978. Unveroffentlichte Untersuchung. 78/462.

BASF AG Labor Oekologie. 1984. Unverdffentlichte Untersuchung.

BASF AG Analytisches Labor. 1989. Unveroffentlichte Untersuchung. BRU 89.164.

BASF AG Analytisches Labor. 1990. Unverdffentlichte Untersuchung. J.Nr. 118554/01.

Bayer. 1980. Technical data sheet, Disflamoll® TCA. Leverkusen, Germany: Bayer AG.

Bayer. 1990. Bacterial toxicity of tris(1-chloro-2-propyl) phosphate. Report for test number 202A/90B.
Bayer. 2002. Technical data sheet, Disflamoll® TP. Leverkusen, Germany: Bayer AG.

Bayer AG. 1978. Interne Untersuchungen der Bayer AG: Zellvermehrungshemmtest mit Escherichia coli und
Pseudomonas fluorescens, Toxizitétstest mit Goldorfen. Leverkusen, Germany: Werk Leverkusen,
Werksverwaltung-Umweltschutz/AW ALU-Analytik. unverdffentlicht.

Bayer AG. 1982a. Akute Fischtoxizitit von Disflamoll (Tri-(2-ethylhexyl)-phosphat) gegeniiber Brachydanio
rerio nach UBA-Verfahrenvorschlag 1982, 1 Seite. Leverkusen, Germany: Bayer AG, Werksverwaltung-
Umweltschutz Leverkusen - Institut fiir Umweltanalyse und Bewertungen. Unverdffentlicht.

Bayer AG. 1982b. Bakterientoxizitét von Tris(2-ethylhexyl)phosphat (TEHP): Hemmung der Atmung von
Belebtschlammikroorganismen nach E 3002. Leverkusen, Germany: Bayer AG, Werksverwaltung-
Umweltschutz Leverkusen - Institut fiir Umweltanalyse und Bewertungen. Unverdffentlicht.

Bayer AG. 1986. Din safety data sheet: Disflamoll. Leverkusen, Germany.

Bayer AG. 1987a. Interne Untersuchungen der Bayer AG: Toxizitétstests mit Daphnia magna. Leverkusen,
Germany: Werk Leverkusen, Werksverwaltung-Umweltschutz/AWALU-Analytik. unver6ffentlicht.

Bayer AG. 1987b. Interne Untersuchungen der Bayer AG: Zellvermehrungshemmtest mit Scenedesmus
subspicatus. Leverkusen, Germany: Werk Leverkusen, Werksverwaltung-Umweltschutz/ AW ALU-Analytik.
unverdffentlicht.

Bayer AG. 1987c. Unpublished data and safety data sheet.

Bayer AG. 1991. Sicherheitsdatenblatt.

Bayer AG. 1993. Informationen zu BEHP und TEHP: Chemische Eigenschaften, physikalische Daten
(Ergénzungen zu den Angaben auf den DIN-Sicherheitsdatenbléttern), Einstufung TA-Luft, Abfallschliissel.



page 60 of 118 RIVM report 601501024

Leverkusen, Germany: Bayer AG, Werksverwaltung-Umweltschutz-Produktsicherheit. unverdffentlicht.

Bayer AG. 1998. Unpublished studies on the acute toxicity of "Disflamoll TOF" (=TEHP) in daphnia (Daphnia
magna Straus) of March 24, 1998 and in the eartworm Eisenia fetida of March 30, 1998.

Beilstein Information Systems, Inc. Beilstein. On-line database. Accessed 1991.

Bengtsson B-E, Tarkpea M, Sletten T, Carlberg GE, Kringstad A, Renberg L. 1986. Bioaccumulation and effects
of some technical triaryl phosphate products in fish and Nitocra spinipes. Environ Toxicol Chem 5: 853-861.

Berbee RPM, Kalf D, van Duijn P, Beek M. 2004. 'Vergeten' stoffen in R.W.Z.I1.-effluenten in het
Maasstroomgebied. Lelystad, the Netherlands: RIZA (Institute for Inland Water Management and Waste Water
Treatment). RIZA report 2004.018.

BioByte. 2004. BioLoom [computer program]. version 1.0. (ClogP 4.0). Claremont, CA: BioByte Corporation.

Blanck H, Wallin G, Wingberg S-A. 1984. Species-dependent variation in algal sensitivity to chemical
compounds. Ecotoxicol Environ Saf 8: 339-351.

Boatman RJ. 1983. Environmental review of triethyl phosphate.Health and Environment Laboratories, Eastman
Kodak Company. Eastman Kodak internal report.

Boerdijk GB. 2000. Polymer Chemicals, Safety-Detail Report, Determination of the vapour pressure of Fyrol
CEF, measured with vacuum DSC. Arnhem, the Netherlands: Akzo Nobel. Unpublished work.

Boethling RS, Cooper JC. 1985. Environmental fate and effects of triaryl and tri-alkyl/aryl phosphate esters.
Residue Rev 94: 49-99.

Bowman JH, Schrier L. 1990. Acute flow-through toxicity of tributyl phosphate to rainbow trout, Oncorhynchus
mykiss. Columbia, MO, USA: ABC Laboratories. No. 38552.

Bringmann G. 1975. Bestimmung der biologischen Schadwirkung wassergefidhrdender Stoffe aus der Hemmung
der Zellvermehrung der Blaualge Microcystis. Gesundheits-Ingenieur 96: 238-241.

Bringmann G, Kiihn R. 1976. Vergleichende Befunde der Schadwirkung wassergefihrdender Stoffe gegen
Bakterien (Pseudomonas putida) und Blaualgen (Microcystis aeruginosa). GWF-Wasser/Abwasser 117: 410-
413.

Bringmann G, Kiihn R. 1978. Grenzwerte der Schadwirkung wassergefihrdender Stoffe gegen Blaualgen
(Microcystis aeruginosa) und Griinalgen (Scenedesmus quadricauda) im Zellvermehrungshemmtest. Vom
Wasser 50: 45-60.

Bringmann G, Kiihn R. 1978. Testing of substances for their toxicity threshold: Model organisms Microcystis
(Diplocystis) aeruginosa and Scenedesmus quadricauda. Mitt Internat Verein Limnol 275-284.

Bringmann G, Kiihn R. 1979. Vergleich der toxischen Grenzkonzentrationen wassergefidhrdender Stoffe gegen
Bakterien, Algen, und Protozoen im Zellvermehrungshemmtest. Gesundheits-Ingenieur 100: 249-252.

Bringmann G, Kiihn R. 1980. Comparison of the toxicity thresholds of water pollutants to bacteria, algae, and
protozoa in the cell multiplication inhibition test. Water Res 14: 231-241.

Bringmann G, Kithn R. 1977. Befunde der Schadwirkung wassergefdhrdender Stoffe gegen Daphnia magna.
Zeitschrift Fiir Wasser- Und Abwasser-Forschung 10: 161-166.

Bringmann G, Kiihn R. 1977. Grenzwerte der Schadwirkung wassergefidhrdender Stoffe gegen Bakterien
(Pseudomonas putida) und Griinalgen (Scenedesmus quadricauda) im Zellvermehrungshemmtest. Z Wasser
Abwasser Forsch 10: 87-98.

Bringmann G. 1978. Bestimmung der biologischen Schadwirkung wassergeféahrdender Stoffe gegen Protozoen.
I. Bakterienfressende Flagellaten (Modellorganismus: Entosiphon sulcatum Stein). Zeitschrift Fiir Wasser- Und



RIVM report 601501024 page 61 of 118

Abwasser-Forschung 11: 210-215.

Bringmann G, Kiihn R. 1980. Bestimmung der biologischen Schadwirkung wassergefahrdender Stoffe gegen
Protozoen II. Bakterienfressende Ciliaten. Z Wasser Abwasser Forsch 13: 26-31.

Bringmann G, Kiihn R, Winter A. 1980. Bestimmung der biologischen Schadwirkung wassergefiahrdender Stoffe
gegen Protozoen III. Saprozoische Flagellaten. Zeitschrift Fiir Wasser- Und Abwasser-Forschung 13 : 170-173.

Bringmann G, Kiihn R. 1982. Ergebnisse der Schadwirkung wassergefachrdender Stoffe gegen Daphnia magna
in einem weiterenentwickelten standardisierten Testverfahren. Zeitschrift Fiir Wasser- Und Abwasser-Forschung
15: 1-6.

Brodsky J, Brodesser J, Bauer C, Rombke J. 1997. The environmental fate of six existing chemicals in
laboratory tests. Chemosphere 34: 515-538.

Burgess D, Wirth JN. 1990. Acute toxicity of tributyl phosphate to Selenastrum capricornutum Printz.
Columbia, MO, USA: ABC laboratories. No. 38554.

Canton JH, Adema DMM, De Zwart D. 1984. Onderzoek naar een geschikte combinatie toetsmethoden ter
bepaling van de aquatische toxiciteit van milieugevaarlijke stoffen. Bijlage 1. Onderzoek naar de bruikbaarheid
van een drietal eierleggende vissoorten in routine toxiciteitsonderzoek. Bilthoven, the Netherlands: National
Institute for Public Health and the Environment. RIVM report 668114 002.

Ciba-Geigy Limited. 1981a. The acute immobilisation of Daphnia magna by TK 12 869/A (EPA).Ciba-Geigy
Limited. Study No. 81 02 59, 1.

Ciba-Geigy Limited. 1981b. The acute toxicity of TK 12 869/A to rainbow trout (Oncorhynchus mykiss).Ciba-
Geigy Limited. Study No. 81 02 60, 1.

CITI (Chemicals Inspection and Testing Institute) - MITI (Ministry of International Trade and Industry). 1992.
Biodegradation and Bioaccumulation Data of Existing Chemicals Based on the CSCL Japan: Japan Chemical
Industry Ecology-Toxicology and Information Center.

Cleveland L, Mayer FL, Buckler DR, Palawski DU. 1986. Toxicity of five alkyl-aryl phosphate ester chemicals
to four species of freshwater fish. Environ Toxicol Chem 5: 273-282.

Crisinel A, Delaunay L, Rossel D, Tarradellas J, Meyer H, Sad’ah H, Vogel P, Delisle C, Blaise C. 1994. Cyst-
based ecotoxicological tests using anostracans: Comparison of two species of Streptocephalus. Environ Toxicol
Water Qual 9: 317-326.

Cuthbert JE, Mullee DM. 2002a. TCPP: Determination of general physicochemical properties. Derby, UK:
SafePharm Laboratories. Report 1613/002.

Cuthbert JE, Mullee DM. 2002b. TCPP: Determination of general physicochemical properties. Derby, UK:
SafePharm Laboratories. Report 1613/007.

Cuthbert JE, Mullee DM. 2002¢c. TDCP: Determination of general physicochemical properties. Derby, UK:
SafePharm Laboratories. Report 1613/008.

Cuthbert JE, Mullee DM. 2002d. TDCP: Determination of water solubility and partition coefficient. Derby, UK:
SafePharm Laboratories. Report 1613/004.

Daugherty ML. 1985. Chemical hazard information profile, Report TEP. Oak Ridge, TN, USA: Oak Ridge Lab,
Chemical Effects Information Center. Draft report.

Dave G, Lidman U. 1978. Biological and toxicological effects of solvent extraction chemicals: Range finding
acute toxicity in the rainbow trout and in the rat. Hydrometallurgy 3: 201-216.

Dave, G., Blanck, H. and Gustafsson, K. (1979) J Chem Technol Biotechnol 29, 249-257.



page 62 of 118 RIVM report 601501024

Dave G, Andersson K, Berglind R, Hasselrot B. 1981. Toxicity of eight solvent extraction chemicals and of
cadmium to water fleas, Daphnia magna, rainbow trout, Oncorhynchus mykiss, and zebrafish, Brachydanio
rerio. Comp Biochem Physiol, C: Comp Pharmacol Toxicol 69C: 83-98.

Dawson GW, Jennings AL, Drozdowski D, Rider E. 1975/77. The acute toxicity of 47 industrial chemicals to
fresh and saltwater fishes. J. Hazard. Mater. 1: 303-318.

Deneer JW. 2000. Toxicity of mixtures of pesticides in aquatic systems. Pest Manag Sci 56: 516-520.

Deutsche Chemische Gesellschaft. 1918. Beilsteins Handbuch Der Organischen Chemie. 4th edition. Berlin,
Germany: Julius Springer Verlag.

Deutsche Chemische Gesellschaft. 1928. Beilsteins Handbuch Der Organischen Chemie, Erstes
Ergénzungswerk. 4th edition. Berlin, Germany: Julius Springer Verlag.

Dobry A, Keller R. 1957. Vapor pressures of some phosphate and phosphonate esters. J Phys Chem 61: 1448-
1449.

Drottar KR, Kendall TZ, Krueger HO. 1999. Fyrol FR-2: A 48-hour flow-through acute toxicity test with the
cladoceran (Daphnia magna). Maryland, MD, USA: Wildlife International Limited. Report of Project number
497A-103A.

Eldefrawi AT, Mansour NA, Brattsten LB, Ahrens VD, Lisk DJ. 1977. Further toxicological studies with
commercial and candidate flame retardant chemicals. Part II. Bull Environ Contam Toxicol 17: 720-726.

England DC, Schrier L. 1990. Acute flow-through toxicity of tributyl phosphate to the gammarid Hyalella
azteca. Columbia, MO, USA: ABC Laboratories . No. 38555.

England DC, Cramer D. 1991. Acute flow-through toxicity exposure of tributyl phosphate to Gammarus
pseudolimnaeus. Columbia, MO, USA: ABC Laboratories. No. 39499.

Environment Agency. 2003a. Tricresyl phosphate, Environmental Risk Assessment Report. Wallingford, UK:
Environment Agency, Chemicals Assessment Section, Ecotoxicology and Hazardous Substances National
Centre. draft.

Environment Agency. 2003b. Triphenyl phosphate, Environmental Risk Assessment Report. Wallingford, UK:
Environment Agency, Chemicals Assessment Section, Ecotoxicology and Hazardous Substances National
Centre. draft.

Eto M, Hashimoto Y, Ozaki K, Kassai T, Sasaki Y. 1975. Fungitoxicity and insecticide synergism of
monothioquinol phosphate esters and related compounds. Bochu-Kagaku 40: 110-117.

European Commission. 2000. [UCLID (International Uniform Chemical Information Database) on CD-ROM
[computer program]. Ispra, Italy : European Chemical Bureau.

European Commission (Joint Research Centre). 2003. Technical Guidance Document in support of Commission
Directive 93/67/EEC on Risk Assessment for new notified substances, Commision Regulation (EC) No 1488/94
on Risk Assessment for existing substances and Directive 98/9/EC of the European Parliament and of the
Council concerning the placing of biocidal products on the market . Part II. Ispra, Italy: European Chemicals
Bureau, Institute for Health and Consumer Protection. EUR 20418 EN/2.

European Commission (Joint Research Centre). 2004a. Tris[2-chloro-1-(chloromethyl)ethyl]phosphate (TDCP).
European Risk Assessment Report, Vol. 426 draft of environmental part. Ispra, Italy: European Chemicals
Bureau, Institute for Health and Consumer Protection.

European Commission (Joint Research Centre). 2004b. Tris(2-chloro-1-methylethyl) phosphate (TCPP).
European Risk Assessment Report, Vol. 425 draft of environmental part. Ispra, Italy: European Chemicals

Bureau, Institute for Health and Consumer Protection.

European Commission (Joint Research Centre). 2004c. Tris (2-chlorethyl) phosphate, TCEP. European Risk



RIVM report 601501024 page 63 of 118

Assessment Report, Vol. 68 draft. Ispra, Italy: European Chemicals Bureau, Institute for Health and Consumer
Protection.

Ewell WS, Gorsuch JW, Kringle RO, Robillard KA, Spiegel RC. 1986. Simultaneous evalution of the acute
effects of chemicals on seven aquatic species. Environ Toxicol Chem 5: 831-840.

Fordyce CR, Meyer IWA. 1940. Plasticizers for cellulose acetate and cellulose acetate butyrate. Ind Eng Chem
32:1054.

GDCh (Gesellschaft Deutscher Chemiker - Advisory Committee on Existing Chemicals of Environmental
Relevance (BUA)). 1987. Tris(2-chloroethyl) phosphate. Beratergremium Fiir Umweltrelevante Altstoffe
(BUA), Vol. 20. Weinheim, Germany: VCH.

GDCh (Gesellschaft Deutscher Chemiker - Advisory Committee on Existing Chemicals of Environmental
Relevance (BUA)). 1989. Triethyl phosphate (phosphoric acid triethyl ester). Beratergremium Fiir
Umweltrelevante Altstoffe (BUA), Vol. 37. Weinheim, Germany: VCH.

GDCh (Gesellschaft Deutscher Chemiker - Advisory Committee on Existing Chemicals of Environmental
Relevance (BUA)). 1995. Melamine, BUA Report 105 (June 1992), Diisopropanolamine, BUA Report 106
(October 1992), 1,6-Hexanediol, BUA Report 107 (October 1992), Tri/Dibutylphosphate, BUA Report 108
(December 1992). Beratergremium Fiir Umweltrelevante Altstoffe (BUA), Vol. 105-108. Stuttgart, Germany:
S. Hirzel - Wissenschaftliche Verlagsgesellschaft Stuttgart.

GDCh (Gesellschaft Deutscher Chemiker - Advisory Committee on Existing Chemicals of Environmental
Relevance (BUA)) ed. 1997. Di(2-ethylhexyl) phosphate, tri(2-ethylhexyl) phosphate, BUA Report 172 (August
1995). Beratergremium Fiir Umweltrelevante Altstoffe (BUA), Vol. 172. Stuttgart, Germany: S. Hirzel -
Wissenschaftliche Verlagsgesellschaft Stuttgart.

GDCh (Gesellschaft Deutscher Chemiker - Advisory Committee on Existing Chemicals of Environmental
Relevance (BUA)). 2000. (Supplementary reports VI) Tributylamine (No. 23), 1-Chloro-2,4-dinitrobenzene
(No. 42), Butylated hydroytoluene (No. 58), Chloroprene (No. 87), Tetrahydronaphthalene (No. 101),
Triisopropanolamine (No. 148), Dipropylene glycol (No. 162), Di(2-ethylhexyl)phosphate/Tri(2-
ethylhexyl)phosphate (No. 172), Anthranilic acid (No. 175). Beratergremium Fiir Umweltrelevante Altstoffe
(BUA), Vol. 219. Stuttgart, Germany: S. Hirzel - Wissenschaftliche Verlagsgesellschaft Stuttgart.

GDCh (Gesellschaft Deutscher Chemiker - Advisory Committee on Existing Chemicals of Environmental
Relevance (BUA)). 2001. (Supplementary reports VII) Tris(2-chloroethyl)phosphate (No.20), 3,3'-
Dichlorobenzidine (No. 30), Hexachloroethane (No. 34), 2-Chloro-4-nitroaniline (No. 43), 1,2-Dibromoethane
(No. 66), Methallyl chloride (No. 109), Ethyl acrylate (No. 128), Tetramethyllead/tetracthyllead (No. 130),
Acrolein (No. 157), Thiourea (No. 179). Beratergremium Fiir Umweltrelevante Altstoffe (BUA), Vol. 223.
Stuttgart, Germany: S. Hirzel - Wissenschaftliche Verlagsgesellschaft Stuttgart.

Geiger DL, Poirier SH, Brooke LT, Call DJ eds. 1986. Acute Toxicities of Organic Chemicals to Fathead
Minnows (Pimephales Promelas), Vol. III. Superior, W1, USA: Center for Lake Superior Environmental
Studies, University of Wisconsin-Superior.

Great Lakes Chemical Corporation. April 10, 2003. Safety datasheet Kronitex TCP.

Griebenow. 1998. Okotoxikologische Bewertung (Fischtest, Daphnientest, Algentest, Leuchtbakerientest).
Schwarzheide, Germany: BASF Schwarzheide GmbH. Report Number: 19/01/98.

Guzzella L, Galassi S. 1993. Chemical and toxicological characterization of river water extracts with the Vibrio
fischeri photobacterium. Sci Total Environ Supplement: 1217-1226.

Hansch C, Leo A, Hoekman D. 1995. Exploring QSAR. Hydrophobic, Electronic, and Steric Constants. ACS
Professional Reference Book. Washington, DC: American Chemical Society.

Hazelton Europe. 1994a, 18 April. Physical chemistry section, Solubility of TCEP in water.

Hazelton Europe. 1994b, 20 April. Physical chemistry section, Test: Partition coefficient.



page 64 of 118 RIVM report 601501024

Hendriks AJ, Maas-Diepeveen JL, Noordsij A, Van der Gaag MA. 1994. Monitoring response of XAD-
concentrated water in the Rhine delta: A major part of the toxic compounds remains unidentified. Water Res 28:
581-598.

Higgins CE, Baldwin WH, Soldano BA. 1959. Effects of electrolytes and temperature on the solubility of
tributyl phosphate in water. J Phys Chem 63: 113-118.

Hinckley DA, Bidleman TF, Foreman WT, Tuschall JR. 1990. Determination of vapor pressures for nonpolar
and semipolar organic compounds from gas chromatograhic retention data. J. Chem. Eng. Data 35: 232-237.

Hine CH, Rowe VK, White ER, Darmer Jr KI, Youngblood GT. 1981. Epoxy compounds. In: Clayton GD,
Clayton FE, eds. Patty's industrial hygiene and toxicology. New York, NY: John Wiley & Sons. pp. 2166-2257.

Hoechst. 1986. DIN safety data sheets, Genomoll” P. Frankfurt (Main), Germany: Hoechst AG.
Hoechst. 1994. Technical information. Unpublished.

Hoechst AG. 1978. Ecology of Genomoll® P. Unveroffentlichte Untersuchungen. Frankfurt (Main), Germany:
Hoechst AG. Report 6/78.

Hoechst AG. 1985. Wastewater - Biological investigation of Genomoll® P. Unverdffentlichte Untersuchungen.
Frankfurt (Main), Germany: Hoechst AG. Ber.-Nr. W 84-537.

Hoechst AG. 1988. Unverdffentlichte Untersuchungen. Ber. -nr. OEK88/082 E.
Hoechst AG. 1989. Unveroffentlichte Untersuchungen. Report HOE CG 0101 OA ZD00 001 Ber. -nr. 9.717.

Hollifield HC. 1979. Rapid nephelometric estimate of water solubility of highly insoluble organic chemicals of
environmental interest. Bull Environ Contam Toxicol 23: 579-586.

Huckins JN, Fairchild JF, Boyle TP. 1991. Role of exposure mode in the bioavalability of triphenyl phosphate to
aquatic organisms. Bull Environ Contam Toxicol 21: 481-485.

IPCS (International Programme on Chemical Safety). 1990. Tricresyl Phosphate. Environmental Health Criteria,
Vol. 110. Geneva, Switzerland: World Health Organization.

IPCS (International Programme on Chemical Safety). 1991a. Tri-n-Butyl Phosphate. Environmental Health
Criteria, Vol. 112. Geneva, Switzerland: World Health Organization.

IPCS (International Programme on Chemical Safety). 1991b. Triphenyl Phosphate. Environmental Health
Criteria, Vol. 111. Geneva, Switzerland: World Health Organization.

IPCS (International Programme on Chemical Safety). 1997. Flame Retardants: A General Introduction.
Environmental Health Criteria, Vol. 192. Geneva, Switzerland: World Health Organization.

IPCS (International Programme on Chemical Safety). 1998. Flame Retardants: Tris(Chloropropyl) Phosphate
and Tris(2-Chloroethyl) Phosphate. Environmental Health Criteria, Vol. 209. Geneva, Switzerland: World
Health Organization.

IPCS (International Programme on Chemical Safety). 2000. Flame Retardants: Tris(2-Butoxyethyl) Phosphate,
Tris (2-Ethylhexyl) Phosphate and Tetrakis(Hydroxymethyl) Phosphonium Salts. Environmental Health Criteria,
Vol. 218. Geneva, Switzerland: World Health Organization.

Ishikawa S, Shigezumi K, Yasuda K, Shigemori N. 1985. Behaviours of organic phosphate esters in several
water treatment processes. Jpn J Wat Poll Res 8: 799-807.

Janssen MPM, Traas TP, Rila JP, Van Vlaardingen P. 2004. Guidance for deriving Dutch Environmental Risk
Limits from EU-Risk Assessment Reports of existing substances. Bilthoven, the Netherlands: National Institute
for Public Health and the Environment. RIVM report 601501020.



RIVM report 601501024 page 65 of 118

Jenkins CA. 1990a. Fyrol FR-2: Acute toxicity to Rainbow trout. Eye, UK: Life Science Research Limited.
Report Number 90/AK1.027/0234.

Jenkins WR. 1990b. FYROL FR-2: Activated sludge respiration inhibition test. Eye, Suffolk, UK: Life Science
Research. Report no. 89/AK1.028/1065.

Jeuken ABM, Barreveld HL. 2004. ‘Vergeten stoffen’ in Maas en zijrivieren. Lelystad, the Netherlands: RIZA
(Institute for Inland Water Management and Waste Water Treatment). RIZA report 2004.019.

Juhnke I, Liidemann D. 1978. Ergebnisse der Untersuchung von 200 chemischen Verbindungen auf akute
Fischtoxizitit mit dem Goldorfentest. Zeitschrift Fiir Wasser- Und Abwasser-Forschung 11: 161-164.

Kanne, Miiller, Fenner-Wermbter. 1990. Bacterial toxicity of tris(1-chloro-2-propyl) phosphate.Bayer AG. Test
No 202 A/90B.

Kenmotsu K, Matsunaga K, Ishida T. 1980. Studies on the mechanisms of biological activities of various
environmental pollutants. V: Environmental fate of organic phosphoric acid triesters (in Japanese). Okayamaken
Kankyo Hoken Senta Nempo 4: 103-110.

Knie J, Hilke A, Juhnke I, Schiller W. 1983. Ergebnisse der Untersuchungen von chemischen Stoffen mit vier
Biotests. Dtsch Gewésserkd Mitt 27: 77-79.

Krawetz A. 2000.Phoenix Chemical Laboratory. Report 00 5 22 2-10.

Kroon AGM, Van Ginkel CG. 1992a. Toxicity of Fyrol FR-2 to the freshwater alga Selenastrum capricornutum .
Arnhem, the Netherlands: Akzo Nobel Research Laboratories. Report Ref. CRL F92014.

Kroon AGM, Van Ginkel CG. 1992b. Toxicity of Fyrol PCF to the freshwater alga Selenastrum capricornutum.
Arnhem, the Netherlands: Akzo Research Laboratories. Report Number: CRL F92015.

Kiihn R, Pattard M, Pernak K-D. 1989. Schadstoffe von umweltchemikalien im Daphnien-reproduktionstest als
grundlage fiir die bewertung der umweltgefahrlichkeit in aquatischen systemen - Verldngerter toxizitétstest bei
Daphnia magna als frundlage filir wasserqualitatsstandards. Institut fiir Wasser-, Boden- und Lufthygiene des
Bundersgesundheitsamtes, Berlin. UFOPLAN- ref.nr. 106 03 052/01.332.

Kiihn R, Pattard M. 1990. Results of the harmful effects of water pollutants to green algae (Scenedesmus
subspicatus) in the cell multiplication inhibition test. Water Res 24: 31-38.

Kiihn R, Pattard M, Pernak K-D, Winter A. 1989. Results of the harmful effects of water pollutants to Daphnia
magna in the 21 day reproduction test. Water Res 23: 501-510.

Laham, S., Long, G. and Broxup, B. (1984) J Appl Toxicol 4, 150-154.

Lefaux R. 1972. Industrial toxicology. Phosphoric esters. Practical toxicology of plastics. London, UK: Iliffe
Books Ltd. pp. 121-127.

Lindén E, Bengtsson B-E, Svanberg O, Sundstrom G. 1979. The acute toxicity of 78 chemicals and pesticide
formulations against two brackish water organisms, the bleak (Alburnus alburnus). Chemosphere 8: 843-851.

Lo C-C, Hsieh T-T. 2000. Acute toxicity to the golden apple snail and estimated bioconcentration potential of
triphenylphosphine oxide and series of related compounds. Bull Environ Contam Toxicol 65: 104-111.

Lockhart WL, Wagemann R, Clayton JW, Graham B, Murray D. 1975. Chronic toxicity of a synthetic tri-aryl
phosphate oil to fish. Environ Physiol Biochem 5: 361-369.

Lombardo P, Egry 1J. 1979. Identification and gas-liquid chromatographic determination of aryl phosphate
residues in environmental samples. J Assoc Off Anal Chem 62: 47-51.

Mayer FL, Adams WJ, Finley MT, Michael PR, Mehrle PM, Saeger VW. 1981. Phosphate ester hydraulic fluids:
An aquatic environmental assessment of Pydrauls 50E and 115E. In: Branson DR, Dickson KL, eds. Aquatic



page 66 of 118 RIVM report 601501024

toxicology and hazard assessment: Fourth conference. ASTM STP 737. Philedelphia, PA, USA: American
Society for Testing and Materials. pp. 103-123.

Mayer FL, Woodward DF, Adams W1J. 1993. Chronic toxicity of pydraul SOE to lake trout . Bull Environ
Contam Toxicol 51: 289-295 .

Mayer Jr. FL, Ellersieck MR. 1986. Manual of acute toxicity: Interpretation and data base for 410 chemicals and
66 species of freshwater animals. Washington, DC, USA: United States Department of the interior fish and
wildlife service. Resource Publication 160.

MedChem Software. 1989. THOR Database Pomona 89 [computer program]. Claremont, CA: Daylight
Chemical Information Systems.

Meeks JR. 1985a. Static 48-hour acute toxicity of Antiblaze 80 to Daphnia magna. Princeton, New Jersey:
Mobil Environmental Health Science Laboratory. Report of test number: 50591.

Meeks JR. 1985b. Static 96-hour acute toxicity of Antiblaze 80 to bluegill sunfish. Princeton, New Jersey: Mobil
Environmental Health Science Laboratory. Report of test number: 50592.

Meeks JR. 1985c. Static 96-hour acute toxicity of Antiblaze 80 to fathead minnows. Princeton, New Jersey:
Mobil Environmental Health Science Laboratory. Report of test number: 50593.

Metcalf RL. 1976. Evaluation of the utility of the model ecosystem for determining the ecological fate of
substances subject to FDA Regulatory Authority. Rockville, MD: U. S. Food and Drug Administration. FDA
Contract 74-127.

Midwest Research Institute. 1991. Assessment of the need for limitation on triaryl and trialkyl/aryl phosphates.
Washington, DC: U.S. Environmental Protection Agency. EPA Contract No. 68-01-4313.

Millington LA, Goulding KH, Adams N. 1988. The influence of growth medium composition on the toxicity of
chemicals to algae. Water Res 22: 1593-1597.

Monsanto. 1984a. Acute toxicity of TBEP to fathead minnow (Pimephales promelas). Warecham, MA, USA:
Springborn Bionomics Inc. Unpublished report No. SB 8§9-9160, prepared for Monsanto Industrial Chemicals,
Environmental Sciences Toxicity, St Louis, MO, USA.

Monsanto. 1984b. Summary sheet t-butoxyethyl phosphate (Daphnia magna) . St Louis, MO: Monsanto
Industrial Chemicals, Environmental Sciences Toxicity.

Muir DCG, Yarechewski AL, Grift NP. 1983. Environmental dynamics of phosphate esters. III. Comparison of
the bioconcentration of four triaryl phosphates by fish. Chemosphere 12: 155-166.

Muir DCG. 1984. Phosphate esters. In: Hutzinger O, ed. Anthropogenic compounds. The handbook of
environmental chemistry 3C. Germany, Berlin: Springer-Verlag. pp. 41-66 .

Noack. 1989. Statisch-akuter Toxizitétstest fiir Daphnia magna (Wasserfloh): Priifsubstanz: Tris(2-
chlorethyl)phosphat. Laboratory journal No. 9.717, Unpublished report of Hoechst AG.

Nyholm N, Kusk KO. 2003. Review of two algal toxicity study reports. Prepared for Danish Environmental
Protection Agency. January 30™, 2003.

OECD. 2002. SIDS initial assessment report: Triphenyl phosphate. Paris, France: Organisation for Economic
Co-operation and Development (OECD).

Ofstad EB, Sletten T. 1985. Composition and water solubility determination of a commercial tricresylphosphate.
Sci Total Environ 43: 233-241.

Palawski D, Buckler DR, Mayer FL. 1983. Survival and condition of rainbow trout (Oncorhynchus mykiss) after
acute exposures to methyl parathion, triphenyl phosphate, and DEF. Bull Environ Contam Toxicol 30: 614-620.



RIVM report 601501024 page 67 of 118

Parker GB. 1980. Continuous quantitative analysis of low concentrations of tributyl phosphate (TBP) vapors in
flowing air systems. Am. Ind. Hyg. Assoc. J. 41: 220-222.

Plapp FWIr, Tong HHC. 1966. Synergism of malathion and parathion against resistant insects: Phosphorus
esters with synergistic properties. J Econ Entomol 59: 11-15.

Radding SB, Liu DH, Johnson HL, Mill T. 1977. Review of the environmental fate of selected chemicals.
Washington, DC: U.S. Environmental Protection Agency. EPA 560/5-77-003.

Radix P, Léonard M, Papantoniou C, Roman G, Saouter E, Gallotti-Schmitt S, Thiébaud H, Vasseur P. 1999.
Comparison of Brachionus calyciflorus 2-d and Microtox™ chronic 22-h tests with Daphnia magna 21-d test for
the chronic toxicity assessment of chemicals. Environ Toxicol Chem 18: 2178-2185.

Renberg L, Sundstrém G, Sundh-Nygird K. 1980. Partition coefficients of organic chemicals derived from
reversed phase thin layer chromatography. Evaluation of methods and application on phophate esters,
polychlorinated paraffins and some PCB-substitutes. Chemosphere 9: 683-691.

Riddick JA, Bunger WB, Sakano TK eds. 1985. Organic Solvents: Physical Properties and Methods of
Purification. 4th edition. Techniques of Chemistry, Vol. II. New York, NY: John Wiley and Sons.

RIWA (Vereniging van Rivierwaterbedrijven). 2003 . Jaarverslag 2001- 2002 De Rijn. Nieuwegein, the
Netherlands: RIWA.

Robson M. 1994, Test result certificate, Hazelton to Courtaulds Chemicals. Courtaulds Study, SGS Redwood
Limited.

Roman G 1996. Mise Au Point D'Une Méthodologie D'Evaluation Des Concentrations Sans Effet Des
Substances Sur L’Environment Aquatique. PhD Thesis. University of Rouen, Rouen, France.

Rombke J, Bauer C, Brodesser J, Brodsky J, Danneberg G, Heimann D, Renner I, Schallnal3 H-J. 1995.
Grundlagen fiir die Beurteilung des dkotoxikologischen Gefahrdungspotentials von Altstoffen im Medium
Boden - Entwicklung einer Teststrategie. Berlin, Germany: German Federal Environmental Agency
(Umweltbundesamt). UBA-Texte 53/95.

Sabljic A, Giisten H, Verhaar H, Hermens J. 1995. QSAR modelling of soil sorption. Improvements and
systematics of log K . vs. log K, correlations. Chemosphere 31: 4489-4514.

Saeger VW, Hicks O, Kaley RG, Michael PR, Mieure JP, Tucker ES. 1979. Environmental fate of selected
phosphate esters. Environ Sci Technol 13: 840-844.

Sandmeyer EE, Kirwin CJ. 1981. Esters of organic compound. In: Clayton GD, Clayton FE, eds. Patty’s
industrial hygiene and toxicology. New York, NY: John Wiley & Sons. pp. 2359-2412.

Sasaki K, Suzuki T, Takeda M, Uchiyama M. 1982. Bioconcentration and excretion of phosphoric acid triesters
by killifish (Oryzias latipes). Bull Environ Contam Toxicol 28: 752-759.

Sasaki K, Takeda M, Uchiyama M. 1981. Toxicity, absorption and elimination of phosphoric acid triesters by
killifish and goldfish. Bull Environ Contam Toxicol 27: 775-782.

Servajean E. 2003a. Laboratory assessment of the side-effects of TCPP on plant growth. Pau, France:
PHYTOSAFE s.a.r.l. Report of Phytosafe Study Number: 03-69-012-ES.

Servajean E. 2003b. Laboratory determination of the long-term toxicity of TCPP to earthworms (Eisenia fetida)
using artificial soil substrate. Pau, France: PHYTOSAFE s.a.r.l. Report of Phytosafe Study Number: 03-69-005-
ES.

Sewell I1G. 1993a. Amgard TDCP. Acute toxicity to Daphnia magna . Derby, UK: SafePharm Laboratories
Limited. Report reference JIWH/AQ71/271.

Sewell IG. 1993b. Amgard TDCP. Acute toxicity to Rainbow trout. Derby, UK: SafePharm Laboratories



page 68 of 118 RIVM report 601501024

Limited. Report reference JWH/AQ71/272.

Sewell IG. 1994. Assessment of the algistatic effect of Amgard TDCP. Derby, UK: SafePharm Laboratories
Limited. Report reference JWH/AQ71/268.

Sewell 1G, Foulger J, Bartlett AJ. 1995. TCPP: Daphnia magna reproduction test. Derby, UK: SafePharm
Laboratories Ltd. Report of SPL Project Number 071/386.

Sinks GD, Schultz TW. 2001. Correlation of Tetrahymena and Pimephales toxicity: Evaluation of 100 additional
compounds. Environ Toxicol Chem 20: 917-921.

Sitthichaikasem S 1978. Some Toxicological Effects of Phosphate Esters on Rainbow Trout and Bluegill. Iowa
State University, Ames, 1A, USA.

Small PA, Small KW, Cowley P. 1948. The vapour pressures of some high boiling esters. Trans Faraday Soc 44:
810-816.

Solomon SS, Shaonan L, Defang L. 1999. Brain acetylcholinesterase response and recovery in mosquitofish
(Gambusia affinis) exposed to fenitrothion. Chin J Pest Sci 1: 61-72.

Sutton WL, Terhaar CJ, Miller FA, Scherberger RF, Riley EC, Roudabush RL, Fassett DW. 1960. Studies on the
industrial hygiene and toxicology of triphenyl phosphate. Arch Environ Health 1: 45-58.

Torma AE, Itzkovitch 1J. 1976. Influence of organic solvents on chalcopyrite oxidation ability of Thiobacillus
ferrooxidans. Appl. Environ. Microbiol. 32: 102-107.

Traas TP (Editor). 2001. Guidance document on deriving environmental risk limits. Bilthoven, the Netherlands:
National Institute for Public Health and the Environment. RIVM report 601501012.

Tremain SP. 2002a. TCPP determination of vapour pressure. SPL project number 1613/001.

Tremain SP. 2002b. TDCP: determination of vapour pressure. Derby, UK.: SafePharm Laboratories. Report
1613/003.

TSCATS (Toxic Substance Control Act Test Submission database). 1993. OTS0538170, Doc. 1.D. 86-
930000190.Monsanto.

Tsuji S, Tonogai Y, Ito Y, Kanoh S. 1986. The influence of rearing temperatures on the toxicity of various
environmental pollutants for killifish (Oryzias latipes). Eisei Kagaku 32: 46-53.

U.S. Environmental Protection Agency 2002. ECOTOX User Guide: ECOTOXicology Database System.
Version 3.0. Available at http://www.epa.gov/ecotox/. Accessed 2004.

U.S. EPA. 2003. EPI Suite. [computer program]. version 3.11. Washington, DC: U.S. Environmental Protection
Agency (EPA) Office of Pollution Prevention Toxics and Syracuse Research Company (SRC).

UNEP. 1998. SIDS Initial Assessment Report, Triethylphosphate. Geneva, Switzerland: UNEP Publications.

UNEP. 1999. OECD High production volume chemicals Programme Phase 3 SIDS Initial Assessment Report,
Tris(1-chloro-2-propyl) phosphate, CAS NO. 13674-84-5. Geneva, Switzerland: UNEP Publications.

UNEP. 2001. SIDS Initial Assessment Report for 12" SIAM Tributyl phosphate. Geneva, Switzerland: UNEP.

Union Carbide Corporation. 1978a. 96 hour LC50 for tricresyl phosphate in rainbow trout.Union Carbide
Corporation Environmental Services Laboratory Study.

Union Carbide Corporation. 1978b. Acute toxicity of tricresyl phosphate to the fathead minnow.Union Carbide
Corporation Environmental Services Laboratory Study.



RIVM report 601501024 page 69 of 118

Union Carbide Corporation. 1979. The acute toxicity of tricresyl phosphate to the water flea Daphnia
magna.Union Carbide Corporation Environmental Services Laboratory Study.

V&W (Ministry of Transport, Public Works and Water Management, Directorate-General for Public Works and
Water Management). Waterbase. Available at http//www.waterbase.nl. Accessed May 10, 2005.

Van den Dikkenberg RP, Canton HH, Mathijssen-Spiekman AM, Roghair CJ. 1989. Usefulness of Gasterosteus
aculeatus - the three-spined stickleback - as a test organism in routine toxicity tests. Bilthoven, the Netherlands:
National Institute for Public Health and the Environment. RIVM report 718625003.

Van Leeuwen CJ, Verhaar HIM, Hermens JLM. 1996. Quality criteria and risk assessment for mixtures of
chemicals in the aquatic environment. Hum Ecol Risk Assess 2: 419-425.

Van Wijk RJ, Geurts MGJ, Van Ginkel CG. 1993. Initial hazard assessment and hazard profile of fyrol flame
retardants. Arnhem, the Netherlands: Akzo Chemicals. CRL F93021, 19.01.1993.

Veith GD, Defoe DL, Bergstedt BV. 1979. Measuring and estimating the bioconcentration factor of chemicals in
fish. J Fish Res Board Can 36: 1040-1048.

Verbruggen EMJ, Posthumus R, Van Wezel AP. 2001. Ecotoxicological Serious Risk Concentrations for soil,
sediment and (ground)water: updated proposals for first series of compounds. Bilthoven, the Netherlands:
National Institute for Public Health and the Environment. RIVM report 711701020.

VROM (Ministry of Housing, Spatial Planning and the Environment). 2001. Environmental Quality Objectives
in the Netherlands -1999 - A Review of Environmental Quality Standards and Their Policy Framework in the
Netherlands. 4™ edition. Alphen aan den Rijn, the Netherlands: Kluwer.

Wakabayashi M, Konno R, Nishido T. 1988. Relative lethal sensitivity of two Daphnia species to chemicals.
Tokyo-to Kankyo Kagaku Kenkyusho Nenpo 12: 126-128.

Wetton PM. 1996a. Amgard TCPP. Acute toxicity to earthworms. Derby, UK: SafePharm Laboratories Ltd.
Report of SPL Project Number: 071/458.

Wetton PM. 1996b. Amgard TDCP. Acute toxicity to earthworms (Eisenia foetida). Derby, UK: SafePharm
Laboratories Limited. Report of Project Number 071/456.

Wetton PM, Handley JW. 1998. Acute toxicity to rainbow trout. Derby, UK: Safepharm Laboratories Ltd.
Project No. 071/608R, sponsored by Albright & Wilson.

Wolfenden R, Williams R. 1983. Affinities of phosphoric acids, esters, and amides for solvent water. J] Am
Chem Soc 105: 1028-1031.

Wong PTS, Chau YK. 1984. Structure-activity of triaryl phosphates in freshwater algae. Sci Total Environ 32:
157-165.

Yalkowsky SH, Dannenfelser RM. 1992. Aquasol Database of Aqueous Solubility [computer program].
version 5. Tucson, AZ: College of Pharmacy, University of Arizona.

Yoshioka Y, Ose Y, Sato T. 1985. Testing for the toxicity of chemicals with Tetrahymena pyriformis. Sci Total
Environ 43: 149-157.

Yoshioka Y, Ose Y, Sato T. 1986. Correlation of the five test methods to assess chemical toxicity and relation to
physical properties. Ecotoxicol Environ Saf 12: 15-21.

Yoshioka Y, Nagase H, Ose Y, Sato T. 1986. Evaluation of the test method ‘Activated sludge, respiration
inhibition test’ proposed by the OECD. Ecotoxicol Environ Saf 12: 206-212.

Yoshioka Y, Ose Y. 1993. A quantitative structure-activity relationship study and ecotoxicological risk quotient
for the protection from chemical pollution. Environ Toxicol Water Qual 8: 87-101.



page 70 of 118 RIVM report 601501024

Ziegenfuss PS, Renaudette WJ, Adams WJ. 1986. Methodology for assessing the acute toxicity of chemicals
sorbed to sediments: Testing the equilibrium partitioning theory. In: Poston TM, Purdy R, eds. Aquatic
toxicology and environmental fate: Ninth volume. ASTM STP 921. Philedelphia, PA, USA: American Society
for Testing and Materials. pp. 479-493.



RIVM report 601501024 page 71 of 118

Appendix 1. Selected toxicity data used for derivation of
ERLs

Legend
NOEC/ECI10 refers to chronic toxicity data
E(L)C50 refers to acute toxicity data

Table Al.1. Selected toxicity data for tris(2-chloroethyl)phosphate (TCEP) to freshwater
species

Taxonomic group NOEC/ECI10 [mg/L] Taxonomic group E(L)C50 [mg/L]
Algae 5 Algae 117
Algae 9.8° Algae 51°
Crustacea 13 Crustacea 330 ¢
Crustacea 1000
Pisces 90
Pisces 200
Pisces 249
Pisces 190 ¢
Platyhelminthes 158
Notes

a: Geometric mean of 0.65 and 148 mg/L for Scenedesmus subspicatus

b: Geometric mean of 5.0 and 522 mg/L for Scenedesmus subspicatus

¢: Geometric mean of 451, 340 and 235 mg/L for Daphnia magna

d: Geometric mean of 210 and 170 mg/L for Oryzias latipes exposed for 96 h between 20 and
25°C

Table A1.2. Selected toxicity data for tris(2-chloroethyl)phosphate (TCEP) to terrestrial
species

Taxonomic group | NOEC/EC10 [mg/kggy] Taxonomic group E(L)C50 [mg/kgw]

Insecta 160 Macrophyta 279
Microbial activity | 28

Table A1.3. Selected toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP) to
freshwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]
Algae 6 Algae 73
Crustacea 32 Algae 45
Crustacea 91*°
Pisces 56
Pisces 84
Pisces 54
Pisces 51
Pisces 30
Notes

a: Geometric mean of 63 and 131 mg/L for Daphnia magna
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Table Al.4. Selected toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP) to
saltwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]

Bacteria 172

Table A1.5. Selected toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP) to
terrestrial species

Taxonomic group | NOEC/EC10 [mg/kggy ] Taxonomic group E(L)C50 [mg/kgaw]
Annelida 53 Annelida 97

Macrophyta 157

Macrophyta 207

Macrophyta 121

Table Al.6. Selected toxicity data for tris(2-chloro-1-(chloromethyl)ethyl)phosphate (TDCP)
to freshwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]
Algae 6 Algae 39

Crustacea 42°

Pisces 5.1

Pisces 1.2°

Pisces 3.6°
Notes

a: Geometric mean of 3.8 and 4.6 mg/L for Daphnia magna
b: Geometric mean of 1.4 and 1.1 mg/L for Oncorhynchus mykiss
¢: Geometric mean of 3.7 and 3.6 mg/L for Oryzias latipes

Table Al.7. Selected toxicity data for tris(2-chloro-1-(chloromethyl)ethyl)phosphate (TDCP)
to terrestrial species

Taxonomic group | NOEC/EC10 [mg/kggw] Taxonomic group E(L)C50 [mg/kggw]

Annelida 130

Table A1.8. Selected toxicity data for tris(n-butyl)phosphate (TBP) to freshwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]
Algae 4.7 Algae 25
Algae 3.2 Algae 58
Algae 0.66 Algae 4.4
Algae 2.2 Algae 4.2
Crustacea 14°? Crustacea 3.65°
Pisces 13.5 Crustacea 68
Pisces 8.3 Crustacea 1.7
Cyanophyta 4.1 Crustacea 2.4
Protozoa 42 Crustacea 63
Protozoa 14 Crustacea 34.6
Protozoa 21 Crustacea 32.8
Rotifera 6.4 Crustacea 21.8
Pisces 11.4




RIVM report 601501024 page 73 of 118

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]

Pisces 8.8

Pisces 7.6

Pisces 8.3°

Pisces 13 ¢

Pisces 6.6 ¢
Platyhelminthes 4

Protozoa 20

Notes

a: Geometric mean of 1.3, 0.73 and 3 mg/L for Daphnia magna

b: Only value for Daphnia magna with the standard exposure time of 48 hours

c¢: Geometric mean of all values for Oncorhynchus mykiss with the standard exposure time of
96 hours, but with different ages of fish and different temperatures (13, 9.4, 11.8, 8.2, 4.2, and
geometric mean of 5 and 9).

d: Geometric mean of 9.6 and 17 mg/L for Oryzias latipes

e: Geometric mean of 11, 8.18, and the geometric mean of 1 and 10 mg/L for Pimephales
promelas

Table A1.9. Selected toxicity data for tris(n-butyl)phosphate (TBP) to saltwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]

Bacteria 2.62 Bacteria 80.7
Crustacea 54.6

Table A1.10. Selected toxicity data for tris(isobutyl)phosphate (TiBP) to freshwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]
Algae 25 Algae 34

Crustacea 11

Pisces 20°

Pisces 23

Pisces 20

Bacteria 440
Notes

Geometric mean of 17.8 and 21.5 for Leuciscus idus

Table A1.11. Selected toxicity data for tris(isobutyl)phosphate (TiBP) to saltwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]

Bacteria 129

Table A1.12. Selected toxicity data for triethyl phosphate (TEP) to freshwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]
Algae 80.3 Algae 900
Crustacea 190 Crustacea 350°
Pisces 2140
Notes

a: Only value for Daphnia magna with the standard exposure time of 48 hours
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Table A1.13. Selected toxicity data for triethyl phosphate (TEP) to saltwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]

Crustacea 950
Pisces 2200 %

Notes
a: Geometric mean of 2100 and 2400 mg/L for Alburnus alburnus

Table Al.14. Selected toxicity data for tris(2-butoxyethyl)phosphate (TBEP) to freshwater
species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]
Crustacea 75
Pisces 24
Pisces 30°
Pisces 13°

Notes

a: Only value for Oryzias latipes with the standard exposure time of 96 hours and normal
temperature of 20 °C

b: Geometric mean of 11.2 and 16 mg/L for Pimephales promelas

Table A1.15. Selected toxicity data for triphenyl phosphate (TPP) to freshwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]
Algae 0.016° Algae 0.57°
Algae 1 Algae 1.0°
Algae 0.46° Algae 0.5
Algae 0.37°¢ Crustacea 11"
Pisces 0.037 Crustacea 0.25
Pisces 0.087 Pisces 0.70
Cyanophyta 0.076 Pisces 0.42
Pisces 0.78
Pisces 0.42¢
Pisces 1.2
Pisces 0.83"
Insecta 0.36
Insecta 1.60
Notes

a: EC10 and EC50 for the growth rate determined from primary productivity experiment with
Ankistrodesmus falcatus

b: Geometric mean of 0.53 and 0.40 mg/L determined for EC10 of the growth rate of
Pseudokirchneriella subcapitata exposed for 72 h in two different growth media

c: Geometric mean of 0.1, 1, and 0.5 mg/L for the NOEC for the growth rate and area under
the curve for Scenedesmus subspicatus exposed for 72 h in three different growth media

d: EC50 for primary productivity of Ankistrodesmus falcatus

e: Geometric mean of 1.0 and 1.1 mg/L determined for EC50 of the growth rate of
Pseudokirchneriella subcapitata exposed for 72 h in two different growth media

f: Geometric mean of 1.35, 1.0, and 1.0 mg/L for Daphnia magna

g: Geometric mean of 0.37, 0.4, 0.85, 0.32, and 0.31 mg/L for mortality of Oncorhynchus
mykiss varying from sac-fry to 45 d

h: Geometric mean of 0.87, 1.0, and 0.66 mg/L for Pimephales promelas
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Table A1.16. Selected toxicity data for triphenyl phosphate (TPP) to saltwater species

Taxonomic group

NOEC/EC10 [mg/L]

Taxonomic group

E(L)C50 [mg/L]

Crustacea
Pisces

0.24°
0.42°

Notes

a: Geometric mean of 0.18 and 0.32 mg/L for Mysidopsis bahia

b: Geometric mean of 0.32 and 0.56 mg/L for Cyprinodon variegatus

Table A1.17. Selected toxicity data for tricresyl phosphate (TCP) to freshwater species

Taxonomic group | NOEC/EC10 [mg/L] | Taxonomic group | E(L)C50 [mg/L]
Algae 0.052° Algae 0.29
Algae 0.42° Crustacea 0.27¢
Algae 0.056 Pisces 0.40 °
Crustacea 0.1 Pisces 0.80
Pisces 0.0072 ¢ Pisces 0.44
Pisces 0.00032 Pisces 0.11°
Pisces 0.01 Pisces 043¢%
Pisces 0.9 Pisces 0.50
Pisces 0.01

Notes

a: Geometric mean 0.029 and 0.094 mg/L for the EC10 for the growth rate determined from
primary productivity experiment with Ankistrodesmus falcatus to respectively the ortho and
the meta isomer

b: Geometric mean of 0.32 and 0.56 mg/L for Scenedesmus pannonicus

¢: Geometric mean of 0.018, 0.0056, 0.0056, 0.0056, 0.01, 0.01, and 0.0032 for the NOEC for
mortality of Brachydanio rerio in an ELS test

d: Only value for immobility of Daphnia magna below the aqueous solubility

e: Only value for mortality of Brachydanio rerio (1-2 d) below the aqueous solubility

f: Geometric mean of 0.15 and 0.082 mg/L for mortality of Lepomis macrochirus in water
with different hardness

g: Geometric mean of 0.26, 0.40, and 0.75 mg/L for mortality of Oncorhynchus mykiss
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Appendix 2. Aquatic toxicity data

Legend

Species species used in the test, if available followed by age, size, weight
or life stage

Analysed Y = test substance analysed in test solution
N = test substance not analysed in test solution or no data

Test type S = static, Sc = static with closed test vessels, R = static with
renewal, F = flow through

Substance purity percentage active ingredient, or chemical grade of purity.

Hardness/salinity freshwater: hardness expressed as mg CaCOs/L
saltwater: salinity expressed in %o

Test water am = artificial medium, dtw = dechlorinated tap water, dw =
dechlorinated water, nw = natural water, rw = reconstituted water
(+additional salts), tw = tap water

Exposure time h = hours, d = days, w = weeks, m = months, min. = minutes

Criterion L(E)Cx = test result showing x% mortality (LCx) of effect (ECx).

LC50s and EC50s are usually determined for acute effects, EC10s
are for chronic effects; NOEC = no observed effect concentration,
statistically determined
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Table A2.1. Acute toxicity data for tris(2-chloroethyl)phosphate (TCEP) to freshwater organisms. All data are from the draft EU-RAR (European Commission,
2004c). Additional information on the tests was retrieved from IUCLID (European Commission, 2000) , EHC 209 (IPCS, 1998) and BUA 20 (GDCh, 1987)

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference

type |purity water [mg/L CaCO;] |[°C] time [mg/L]
Algae
Pseudokirchneriella subcapitata |- N - - - - - 96 h EC50  |growth rate 117 Akzo Chemicals (1992)
Pseudokirchneriella subcapitata |- N - - - - - 96 h EC50 |biomass 38 Akzo Chemicals (1992)
Scenedesmus subspicatus - - - - - 8 - 48 h EC50 [biomass 2 Kiihn et al. (1989)
Scenedesmus subspicatus - - - - - 3 - 72 h EC50  [biomass 1.1 a Kiihn et al. (1989)
Scenedesmus subspicatus - - - - - 3 - 96 h EC50  [biomass 1.2 a Kiihn et al. (1989)
Scenedesmus subspicatus - - - - - 3 - 48 h EC50  [growth rate 5.0 Kiihn et al. (1989)
Scenedesmus subspicatus - - - - - 3 - 72 h EC50  [growth rate 3.6 a Kiihn et al. (1989)
Scenedesmus subspicatus - Y - - - 7.5 - 72h EC50  [biomass 271 b Hoechst AG (1988)
Scenedesmus subspicatus - Y - - - 7.5 - 72h EC50  [biomass 278 b Hoechst AG (1988)
Scenedesmus subspicatus - - - - - 3 - 72 h EC50  [growth rate 522 c Nyholm & Kusk (2003)
Scenedesmus subspicatus - - - - - - - - EC50 |- 67.9 d Akzo Chemicals (1993)
Scenedesmus subspicatus - - - - - - - 72h EC50 |- 1.1 d Akzo Chemicals (1993)
Crustacea
Daphnia magna - - - - - - - 24h ECO mobility 186 Kiihn et al. (1989)
Daphnia magna - - - - - - - 24h EC50  [mobility 451 Kiihn et al. (1989)
Daphnia magna - Y - - - - - 24h ECO mobility 100 Hoechst AG (1989)
Daphnia magna - Y - - - - - 24 h EC50 mobility 340 Hoechst AG (1989)
Daphnia magna - Y - - - - - 24h EC100 [mobility 1000 Hoechst AG (1989)
Daphnia magna - - - - - - - 24h EC50  |mobility 235 Bayer AG (1991)
Moina macropoda 5d N S - am |- - 201 3h LC50 [mortality 1000 e Yoshioka et al. (1986a)
Pisces
Carassius auratus 3 inch N S 20 7d LCO mortality 5 Eldefrawi et al. (1977)
Carassius auratus 0.8-2.8 g N N - dtw |- - 25 96 h LC50 [mortality 90 Sasaki et al. (1981)
Leuciscus idus melanotus S - - - - 48 h LCO mortality ca. 100 Hoechst AG (1978)
Leuciscus idus melanotus - S - - - - 48 h LC50 [mortality ca. 200 Hoechst AG (1978)
Leuciscus idus melanotus - S - - - - 48 h LC100 [mortality 300 Hoechst AG (1978)
Oncorhynchus mykiss - N S - - 7.49-8.52 |198-204 13.8-14.8 96 h LCO mortality 100 Akzo Chemicals (1990b)
Oncorhynchus mykiss - N S - - 7.49-8.52 |198-204 13.8-14.8 96 h LC50 mortality 249 Akzo Chemicals (1990b)
Oncorhynchus mykiss - N S - - 7.49-8.52 |198-204 13.8-14.8 96 h LC100 [mortality 400 Akzo Chemicals (1990b)
Oryzias latipes - N R - - - - 48 h LC50 mortality 300 CITI (1992)
Oryzias latipes 0.1-02¢g N S - dtw |- - 25 96 h LC50  |mortality 210 Sasaki et al. (1981)
Oryzias latipes 2cem,02¢g N S - 72 40 10 48h LC50  |mortality 230 Tsuji et al. (1986)




Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference

type |purity water [mg/L CaCO;] |[°C] time [mg/L]
Oryzias latipes 2cm,02¢g N S - 7.2 40 20 48h LC50  [mortality 190 Tsuji et al. (1986)
Oryzias latipes 2cm,02¢g N S - 7.2 40 30 48h LC50  [mortality 66 Tsuji et al. (1986)
Oryzias latipes - N R - dtw  [7.2 40 20+1 96 h LC50  [mortality 170 Yoshioka & Ose (1993)
Platyhelminthes
Dugesia japonica - N S - am  [~7 - 20+1 7d LC50/ [mortality / 158 e Yoshioka et al. (1986a)

EC50 [regeneration

Notes

a: Between day 2 and day 3 the pH increased from 8 to 9.4.

b: Two separate tests.

c: This is a recalculation of the results by Hoechst AG (1988).

d: No original data or reference given. Probably one of the numbers is the same study as that from Kiihn et al. (1989).

e: In this study the compound trichloroethyl phosphate is mentioned. In the EU-RAR (European Commission, 2004c) this is considered as tris(2-chloroethyl)phosphate. In AQUIRE
(U.S. Environmental Protection Agency, 2002) however, this compound is interpreted as 2,2,2-trichloroethyl phosphate (triclofos).

Table A2.2. Chronic toxicity data for tris(2-chloroethyl)phosphate (TCEP) to freshwater organisms. All data are from the draft EU-RAR (European Commission,
2004c). Additional information on the tests was retrieved from IUCLID (European Commission, 2000).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference

type |purity water [mg/L CaCO;] |[°C] time [mg/L]
algae
Scenedesmus subspicatus - - - - - - - 48 h EC10 [biomass 0.29 Kiihn et al. (1989)
Scenedesmus subspicatus - - - - - - - 72h EC10 [biomass 0.2 a Kiihn et al. (1989)
Scenedesmus subspicatus - - - - - - - 96 h EC10 [biomass 0.3 a Kiihn et al. (1989)
Scenedesmus subspicatus - - - - - - - 48 h EC10 [growth rate 0.65 Kiihn et al. (1989)
Scenedesmus subspicatus - - - - - - - 72h EC10  [growth rate 0.55 a Kiihn et al. (1989)
Scenedesmus subspicatus - Y - - - - - 72h NOEC |growth rate 100 Hoechst AG (1988)
Scenedesmus subspicatus - - - - - - - 72 h EC10  [growth rate 148 b Nyholm & Kusk (2003)
Scenedesmus subspicatus - - - - - - - - ECI0O |- 159 c Akzo Chemicals (1993)
Scenedesmus subspicatus - - - - - - - 72h ECI0O |- 0.2 c Akzo Chemicals (1993)
Pseudokirchneriella subcapitata |- N - - - - - 96 h LOEC |growth rate 15 Akzo Chemicals (1992)
Pseudokirchneriella subcapitata |- N - - - - - 96 h NOEC |growth rate 5 d Akzo Chemicals (1992)
Crustacea
Daphnia magna - - - - - - - 21d NOEC (reproduction 13 Kiihn et al. (1989)
Notes

a: Between day 2 and day 3 the pH increased from 8 to 9.4.
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b: This is a recalculation of the results by Hoechst AG (1988).

c: No original data or reference given. Probably one of the numbers is the same study as that from Kiihn et al. (1989).
d: In the range-finding test, no growth inhibition was observed up to 100 mg/L

Table A2.3. Toxicity data for tris(2-chloroethyl)phosphate (TCEP) to freshwater organisms, additional to data from the draft EU-RAR (European Commission,

2004c).
Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value [Notes |Reference Original reference
type [purity water [mg/L CaCO;] |[°C] time [mg/L]
Algae
Pseudokirchneriella subcapitata |- N - - 96 h EC20  |growth rate 68 a European Commission Akzo Chemicals (1992)
(2000)
Pseudokirchneriella subcapitata |- N - - 96 h EC20 |biomass 17 a European Commission Akzo Chemicals (1992)
(2000)
Crustacea
Daphnia magna EC50 340 GDCH (2001) Noack (1989)
Daphnia magna 24 h EC50  [immobility 7.1 b Yoshioka & Ose (1993)
Daphnia magna 14d NOEC |reproduction 0.01 c Yoshioka & Ose (1993)
Pisces
Oryzias latipes ~3cm, 03 g N dtw 80]20+1 48h LC50 [mortality 251 Yoshioka et al. (1986a)
Oryzias latipes - N R dtw  [7.2 40 20£1 48h LC50  |mortality 260 d Yoshioka & Ose (1993)
Bacteria
Pseudomonas putida LC50 >5000 IPCS (1998) Bayer (1986)
Insecta
Culex tarsalis 4™ instar, N S dw - - 24h LC50  [mortality >1 4 Plapp & Tong (1966)
malathion resistant
strain
Protozoa
Tetrahymena pyriformis N S am 30[24 h EC50  [proliferation 115 e Yoshioka et al. (1985)

Notes

a: With a log-logistic dose-response relationship and the reported EC50s this corresponds to EC10s of 50 mg/L for growth rate and 11 mg/L for biomass
b: According to OECD guideline 202. The value was calculated from reported environmental concentration/effect concentration and environmental concentration values. The
compound is referred to as tris(chloroethyl) phosphate. The reported value for Oryzias latipes is in accordance with that given elsewhere in the paper for 2-tris(chloroethyl)

phosphate

c: The value was calculated from reported environmental concentration/effect concentration and environmental concentration values. The compound is referred to as tris(chloroethyl)

phosphate. The reported value for Oryzias latipes is in accordance with that given elsewhere in the paper for 2-tris(chloroethyl) phosphate. Although this value is extremely low,

calculated values for other compounds seem to be in the same range with other studies. The environmental concentration of 90 ng/L might be erroneous.
d: This compound is referred as to tri(chloroethyl) phosphate. Next to this compound also tris(2-chloroethyl) phosphate is included.




e: The presented number for trichloroethyl phosphate is given in mg/L and pmol/L. The used molecular weight is that of (2,2,2-trichloroethyl)phosphate (triclofos). In Yoshioka et al.
(19864a) the same test with this compound is presented but now with a different number in mg/L, according to the molecular weight of tris(2-chloroethyl)phosphate. The value in
mg/L is taken from Yoshioka et al. (1986a).

Table A2.4. Toxicity data for tris(2-chloroethyl)phosphate (TCEP) to saltwater organisms, additional to data from the draft EU-RAR (European Commission,
2004c).

Species Species properties |Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure [Criterion|Test endpoint Value [Notes |Reference Original reference
type [purity water [%o] [°C] time [mg/L]

Bacteria

Vibrio fischeri - N - - am - 20 15 15 min EC50 luminescence 323 Guzzella & Galassi (1993)

Vibrio fischeri - N - - am - 20 15 15 min EC10 luminescence 46 a Guzzella & Galassi (1993)

Notes

a: EC10 was determined from EC50 and slope of log gamma versus log concentration mentioned in the study.

Table A2.5. Toxicity data for tris(2-chloroethyl)phosphate (TCEP) to fresh water microbiological processes and enzyme activity. All data are from the draft EU-RAR
(European Commission, 2004c).

Species Species properties |Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference

type |purity water [%60] [°C] time [mg/L]
Bacteria
activated sludge bacteria - - - - - - - 3h EC20 [respiration 1400 a Akzo (1990a)
activated sludge bacteria - - - - - - - 3h EC50  [respiration 3200 a Akzo (1990a)
activated sludge bacteria - - - - - - - 3h EC90 [respiration 7800 a Akzo (1990a)
activated sludge bacteria - - - - - - - - ECS50 [|aerobic degradation |>500 b Hoechst (1978)
anaerobic microorganisms - - - - - - - - EC50 [gas evolution >250 c Hoechst (1978)
anaerobic microorganisms - - - - - - - 24 h ECO gas evolution 1500 c Hoechst (1985)
anaerobic microorganisms - - - - - - - 24h EC50 gas evolution 10-100 |c Hoechst (1994)
Notes

a: According to OECD guideline 109; with a log-logistic dose-response model and the three ECx values the calculated EC10 is 1000 mg/L
b: Up to 10000 mg/L inhibition was compensated for after one day of adaptation
c: ETAD fermentation tube method
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Table A2.6. Acute toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP) to freshwater organisms. All data are from the draft EU-RAR (European
Commission, 2004b). Additional information on the tests was retrieved from (European Commission, 2000).

Species Species properties |Analysed [Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference

type [purity water [mg/L CaCO;] |[°C] time [mg/L]
algae
Pseudokirchneriella subcapitata |- N S - - - - 96 h EC50 |biomass 47 a Kroon & van Ginkel (1992b)
Pseudokirchneriella subcapitata |- N S - - - - 96 h EC50  |growth rate 73 a Kroon & van Ginkel (1992b)
Scenedesmus subspicatus - N S - - - - 72h EC50 |chlorophyll content |45 b, ¢ Griebenow (1998)
Scenedesmus subspicatus - N S - - - - 72h EC20 |chlorophyll content |25 b, ¢ Griebenow (1998)
crustacea
Daphnia magna - N S - - - - 48h EC50  |mobility 63 b,d  |Griebenow (1998)
Daphnia magna Y S - - - - 48 h EC50  |mobility 131 e Meeks (1985)
Daphnia magna - N S - - - - 48 h EC20  |mobility 51 b, d Griebenow (1998)
Daphnia magna Y S - - - - 48 h NOEC |mobility 335 e Meeks (1985a)
pisces
Brachydanio rerio - Y S 97.9% - - - - 96 h LC50  |mortality 56 f,g Kanne (1990)
Brachydanio rerio - Y S 97.9% - - - - 96 h LCO mortality 32 f Kanne (1990)
Lepomis macrochirus - Y S - - - - 96 h LC50  |mortality 84 h Meeks (1985b)
Lepomis macrochirus - Y N - - - - 96 h NOEC |mortality 6.3 h Meceks (1985b)
Oryzias latipes - - - - - 48 h LC50 [mortality 54 b, i CITI (1992)
Pimephales promelas - Y N - - - 96 h LC50  |mortality 51 h Meeks (1985¢)
Pimephales promelas - Y N - - - 96 h NOEC |mortality 6.6 h Meeks (1985¢)
Poecilia reticulata - N S - - - - - 96 h LC50  |mortality 30 b,h  |Griebenow (1998)

Notes

a: OECD guideline 201, marked in the draft EU RAR as invalid study due to dilution of stock suspension without chemical analysis
b: marked as unassignable study due to incompleteness of submitted data

c: DIN 38412/L33, from the reported EC50 and EC20 the EC10 estimated with a log-logistic model is 18 mg/L

d: DIN 38412/L11

e: OECD guideline 202

f: UBA (Berlin) method

g: geometric mean between LCO and LC100

h: OECD guideline 203

i: Japanese Industrial Standard method (JIS K0102-1986-71)



Table A2.7. Chronic toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP) to freshwater organisms. All data are from the draft EU-RAR (European
Commission, 2004b). Additional information on the tests was retrieved from (European Commission, 2000).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference

type |purity water [mg/L CaCO;] |[°C] time [mg/L]
algae
Pseudokirchneriella subcapitata |- N S - - - 96 h NOEC |growth 6 a Kroon & van Ginkel (1992b)
Crustacea
Daphnia magna - Y R - - - 21d NOEC |reproduction 32 b[Sewell et al. (1995)
Daphnia magna - Y R - - - 21d NOEC |mortality 32 b[Sewell et al. (1995)
Daphnia magna - Y R - - - 21d EC50  |reproduction 32-56 b[Sewell et al. (1995)
Daphnia magna - Y R - - 21d EC50  |immobilisation 40 b[Sewell et al. (1995)

Notes
a: OECD guideline 201,

invalid study due to dilution of stock suspension without chemical analysis
b: OECD 202 guideline, based on nominal concentration, which were close to measured concentrations

Table A2.8. Toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP) to saltwater organisms. All data are from the draft EU-RAR (European Commission,

2004b).
Species Species properties |Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference
type |purity water [%o] [°C] time [mg/L]
Bacteria
Vibrio fischeri - N S am 20 15 15 min EC50  [luminescence 172]a Guzzella & Galassi (1993)
Notes

a: LUMIStox test, marked in the EU RAR as invalid, because the species is not representative for micro-organisms in sewage treatment plants. However, according to the TGD

(European Commission, 2003, p. 100), the EC50s for non-adapted pure cultures of micro-organisms may be used for the derivation of the PNEC for the aquatic compartment.

Table A2.9. Toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP) to saltwater organisms, additional to data from the draft EU-RAR

Species Species properties |Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [%0] [°C] time [mg/L]

Bacteria

Vibrio fischeri - N S am 20 15 15 min EC10  [luminescence 16]a Guzzella & Galassi (1993)

Vibrio fischeri - - S - - 30 min EC50  [luminescence 295|b European Commission (2000) |Griebenow (1998)

Notes

a: LUMIStox test, EC10 determined from EC50 and slope of the dose-response relationship

b: DIN 38412/L.34
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Table A2.10. Toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP) to fresh water microbiological processes and enzyme activity. All data are from the
draft EU-RAR (European Commission, 2004b).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]

activated sludge bacteria - N S 97.9% - - - - 3h EC50 oxygen consumption |784 a Bayer (1990)

Notes

a: ISO 8192, marked use with care

Table A2.11. Acute toxicity data for tris(2-chloro-1-(chloromethyl)ethyl)phosphate (TDCP) to freshwater organisms. All data are from the draft EU-RAR (European
Commission, 2004a).

Species Species properties |Analysed [Test [Substance |Test [pH Hardness Temperature |Exposure |Criterion|Test endpoint Value |Notes |Reference

type  [purity water [mg/L CaCO;] [[°C] time [mg/L]
Algae
Scenedesmus subspicatus N S - - - - 72 h EC50  [biomass >10 a,b  [Sewell (1994)
Scenedesmus subspicatus N S - - - - 72 h EC50  [growth rate >10 a,b [Sewell (1994)
Pseudokirchneriella subcapitata N S - - - - 96 h EC50  [biomass 12 a,b [Kroon & van Ginkel (1992a)
Pseudokirchneriella subcapitata N S - - - - 96 h EC50  [growth rate 39 a,b [Kroon & van Ginkel (1992a)
Crustacea
Daphnia magna Y F >95% - - - - 48 h EC50  |mobility 38 ¢ Drottar et al. (1999)
Daphnia magna N S - - - - 48 h EC50  |mobility 46 c,d  [Sewell (1993a)
Daphnia magna Y F >95% - - - - 48h NOEC |mobility 1.6 c Drottar et al. (1999)
Daphnia magna N S - - - - 48 h NOEC |mobility 1.8 c,d [Sewell (19932)
Pisces
Carassius auratus 0.8-28 g N S dtw |- - 25 96 h LC50 [mortality 5.1 d Sasaki et al. (1981)
Oncorhynchus mykiss N S - - - - 96 h LC50  [mortality 1.4 d,e |Jenkins (1990a)
Oncorhynchus mykiss N S - - - 96 h LC50  [mortality 1.1 b,e [Sewell (1993b)
Oncorhynchus mykiss N S - - - - 96 h NOEC |mortality <0.63 [d,e |Jenkins (1990a)
Oncorhynchus mykiss N S - - - - 96 h NOEC |mortality 0.56 b,e [Sewell (1993b)
Oryzias latipes N - - - - 48 h LC50 [mortality 3.7 d, f |CITI(1992)
Oryzias latipes 0.1-02 g N S - diw |- - 25 96 h LC50  |mortality 3.6 d Sasaki et al. (1981)
Notes

a: OECD 201 guideline

b: marked as use with care

c: OECD 202 guideline

d: marked as invalid study, due to the absence of measured exposure concentrations
e: OECD 203 guideline

f: Japanese Industrial Standard method (JIS K0102-1986-71)



Table A2.12. Chronic toxicity data for tris(2-chloro-1-(chloromethyl)ethyl)phosphate (TDCP) to freshwater organisms. All data are from the draft EU-RAR
(European Commission, 2004a).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]
Algae
Scenedesmus subspicatus - N S - - - 72h NOEC >10 a Sewell (1994)
Pseudokirchneriella subcapitata |- N S - - - 96 h NOEC a Kroon & van Ginkel (1992a)

Notes

a: OECD 201 guideline; marked as use with care

Table A2.13. Toxicity data for tris(2-chloro-1-(chloromethyl)ethyl)phosphate (TDCP) to freshwater organisms, additional to data from the draft EU-RAR.

Species Species properties |Analysed |Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference

type purity water [mg/L CaCO;] |[°C] time [mg/L]
Pisces
Carassius auratus 3 inch N S - - 20 7d LCO mortality 1 Eldefrawi et al. (1977)
Carassius auratus 3 inch N - - 20 7d LC100 [mortality 5 Eldefrawi et al. (1977)
Oryzias latipes - N R dtw  [7.2 40 20+1 96 h LC50  |mortality 2 Yoshioka & Ose (1993)

Table A2.14. Toxicity data for tris(2-chloro-1-(chloromethyl)ethyl)phosphate (TDCP) to fresh water microbiological processes and enzyme activity. All data are

from the draft EU-RAR (European Commission, 2004a).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]
sewage sludge bacteria NOEC >10000 |a Jenkins (1990b)
Notes
a: OECD guideline 209
Table A2.15. Acute toxicity data for tris(n-butyl)phosphate (TBP) to freshwater organisms.
Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]
Algae
Bumilleriopsis filiformis Vischer CCAP N S am - 20+1 14d EC100 [biomass 25->100 [a Blanck et al. (1984)
809/2
Chlamydomonas dysosmos Moewus CCAP  |N S am - 201 14d EC100 [biomass 25->100 (a Blanck et al. (1984)
11/36
Chlorella emersonii Emerson CCAP [N S am - 20+1 14d EC100 [biomass 25->100 [a Blanck et al. (1984)
211/8h
Chlorella emersonii strain 211/8h N S am - 2540.5 48 h EC50 [biomass 5-10 b Dave et al. (1979)
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Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCOs] |[°C] time [mg/L]
Chlorella emersonii strain 211/8h N S - am - - 25+40.5 72 h EC50 growth rate 10-50 |[b Dave et al. (1979)
Chlorella emersonii strain 211/8h N S - am - - 25+0.5 48 h EC50 growth rate 25]c Dave et al. (1979)
Chlorella vulgaris - S - - - - - 7d EC50  [growth inhibition 58|d Yoshioka & Ose (1993)
Kirchneriella contorta Schmidle N S - am |- - 20+1 14d EC100 [biomass 25->100 [a Blanck et al. (1984)
Klebsormidium marinum Deason UTEX N S - am |- - 20+1 14d EC100 [biomass 25->100 (a Blanck et al. (1984)
1706
Monodus subterraneus Petersen CCAP N S - am |- - 20+1 14d EC100 [biomass 25->100 [a Blanck et al. (1984)
848/1
Monoraphidium pusillum Printz N S - am |- - 20+1 14d EC100 [biomass 25->100 [a Blanck et al. (1984)
Pseudokirchneriella subcapitata  |Printz CCAP N S - am |- - 20+1 14d EC100 [biomass 25->100 |a Blanck et al. (1984)
278/4
Pseudokirchneriella subcapitata |- - S - - - - 24196 h EC50 [growth rate 44 GDCh (1995) Burgess & Wirth (1990)
Raphidonema longiseta Vischer UTEX N S - am |- - 20+1 14d EC100 [biomass 25->100 (a Blanck et al. (1984)
339
Scenedesmus obtusiusculus Chod. N S - am - - 20+1 14d EC100 [biomass 25->100 [a Blanck et al. (1984)
Scenedesmus subspicatus 8681 SAG N Sc - am  [8.0-9.3 55]24+1 48h EC50 [AUC 1.3]e Kiihn & Pattard (1990)
Scenedesmus subspicatus 8681 SAG N Sc - am [8.0-9.3 55]24+1 48h EC50  [growth rate 4.2(e Kiihn & Pattard (1990)
Scenedesmus subspicatus 8681 SAG N Sc - am  [8.0-9.3 55]24+1 72h EC50 [AUC 1.1fe Kiihn & Pattard (1990)
Scenedesmus subspicatus 8681 SAG N Sc - am  [8.0-9.3 55]24+1 72h EC50  [growth rate 2.8|e Kiihn & Pattard (1990)
Crustacea
Daphnia magna <24 h, 0.315-0.630|N S tw 7.6-7.7 286(20-22 24h EC50  [immobility 33 Bringmann and Kiihn
mm (1977a)
Daphnia magna <24 h, Strauss, N S am 8.0+0.2 250.2 20]24 h EC50  [immobility 30 Bringmann & Kiihn
IRCHA (1982)
Daphnia magna - N S - - - - - 24h EC50  [mortality 5.8(f GDCh (1995) Bayer AG data
Daphnia magna - - - - - - - - 6h EC50  [mortality 52 GDCh (1995) Wakabayashi et al
(1988)
Daphnia magna - - - - - - - - 24h EC50  [mortality 35 GDCh (1995) Wakabayashi et al
(1988)
Daphnia magna <24h N S - am [7.8-8.2 202 20[24 h LC50  |mortality 12.8|g Dave et al. (1981)
Daphnia magna <24h N S - am [7.8-8.2 202 20[48 h LC50 [mortality 3.65|g Dave et al. (1981)
Daphnia magna <24h N S - am |7.8-8.2 202 20(72 h LC50  |mortality 2.1)g Dave et al. (1981)
Daphnia magna <24 h, IRCHA Y S - am  |8.0+0.2 250(25+1 24h EC50  [mortality 35[h Kiihn et al. (1989)
Daphnia magna - - - - - - - - 24h EC50  [immobility 9.20i Yoshioka & Ose (1993)
Daphnia magna <24 h, 0.315-0.630|N S tw 7.6-7.7 286(20-22 24h ECO immobility 7 Bringmann and Kiihn
mm (1977a)
Daphnia magna <24 h, Strauss, N S am 8.0+0.2 250.2 20124 h ECO immobility 5 Bringmann & Kiihn
IRCHA (1982)
Daphnia magna - N S - - - - - 24h ECO mortality 2.5|f GDCh (1995) Bayer AG data
Daphnia magna <24 h, IRCHA Y S - am  |8.0+0.2 250(25+1 24h ECO mortality 9.3|h Kiihn et al. (1989)
Daphnia pulex - - - - - - - - 6h EC50  [mortality 93 GDCh (1995) Wakabayashi et al

(1988)




Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCOs] |[°C] time [mg/L]
Daphnia pulex - - - - - - - - 24 h EC50 mortality 68 GDCh (1995) Wakabayashi et al
(1988)
Gammarus pseudolimnaeus 2-3 mm Y F - - - - - 96 h LC50  [mortality 1.7 GDCh (1995) England & Cramer
(1991)
Gammarus pseudolimnaeus 2-3 mm Y F - - - - - 96 h NOEC |mortality 0.52 GDCh (1995) England & Cramer
(1991)
Hyalella azteca 1-2 mm Y F - - - - - 96 h LC50 [mortality 2.4 GDCh (1995) England & Schrier
(1990)
Hyalella azteca 1-2 mm Y F - - - - - 96 h NOEC |mortality <19 GDCh (1995) England & Schrier
(1990)
Moina macropoda 5d N S - am |- - 201 3h LC50  |mortality 63 Yoshioka et al. (1986a)
Streptocephalus proboscideus cysts N S ag am |- - 25+0.5 24 h LC50 [mortality 34.6)j Crisinel et al. (1994)
Streptocephalus rubricaudatus cysts N S ag am - - 25|24 h LC50 [mortality 32.8 Crisinel et al. (1994)
Streptocephalus texanus cysts N S ag am - - 20|22 h LC50 [mortality 21.8 Crisinel et al. (1994)
Pisces
Brachydanio rerio - - - - - - - - 96 h LCO mortality 10(f GDCh (1995) Bayer AG data
Brachydanio rerio - - - - - - - - 96 h LC100 |mortality 14|f GDCh (1995) Bayer AG data
Brachydanio rerio juvenile 0.25 g N S - ™w 7.3-8.5 100 25|96 h (24, |LC50 |[mortality 11.4|k Dave et al. (1981)
48, 144 h)
Carassius auratus 0.8-28¢g N N - dtw |- - 25196 h LC50 [mortality 8.8 Sasaki et al. (1981)
Leuciscus idus melanotus N S - tw 7—8 255]20+1 48 h LC50 [mortality 7.6|1 Juhnke and Liidemann
(1978)
Leuciscus idus melanotus N S - tw 7—8 255]20+1 48 h LCO mortality 5.8]1 Juhnke and Liidemann
(1978)
Oncorhynchus mykiss Y F 12196 h LC50  |mortality 13|m GDCh (1995) Bowman & Schrier
(1990)
Oncorhynchus mykiss fry,0.15 g N S - tw 7.0 45 5/96 h LC50 [mortality 9.4 Dave et al. (1979)
Oncorhynchus mykiss fry,0.15 g N S - tw 7.0 45 10]96 h LC50 [mortality 11.8 Dave et al. (1979)
Oncorhynchus mykiss fry,0.15 g N S - tw 7.0 45 15]96 h LC50  [mortality 8.2 Dave et al. (1979)
Oncorhynchus mykiss fry,0.15 g N S - tw 7.0 45 20[96 h LC50  [mortality 42 Dave et al. (1979)
Oncorhynchus mykiss fry, 0.15 g N S - tw 7.0 45 51120 h LC50 [mortality 6.8 Dave et al. (1979)
Oncorhynchus mykiss fry, 0.15 g N S - tw 7.0 45 10{120 h LC50 [mortality 10.5 Dave et al. (1979)
Oncorhynchus mykiss fry, 0.15 g N S - tw 7.0 45 15]120 h LC50  [mortality 7.2 Dave et al. (1979)
Oncorhynchus mykiss fry, 0.15 g N S - tw 7.0 45 20[120 h LC50  [mortality 42 Dave et al. (1979)
Oncorhynchus mykiss 20g Y S - - 8.5 (7.0- 43.4|15+1 96 h LC50 |mortality 5-9 IPCS (1991a); GDCh Dave & Lidman (1978)
9.4) (1995)
Oncorhynchus mykiss 20g N S - - 8.5 (7.0- 43.4|15+1 96 h LC50  [mortality 11.5- GDCh (1995) Dave & Lidman (1978)
9.4) 13.5
Oncorhynchus mykiss - Y F - - - - 12196 h LCO mortality 4.3|m GDCh (1995) Bowman & Schrier
(1990)
Oryzias latipes - - - - - - - -148h LC50  [mortality 14.2|n European Commission CITI (1992)
(2000)
Oryzias latipes 0.1-02¢g N S - dtw |- - 25196 h LC50  [mortality 9.6 Sasaki et al. (1981)
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Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCOs] |[°C] time [mg/L]
Oryzias latipes ~3cm,03g N S dtw 80(20+1 48h LC50  [mortality 18|o Yoshioka et al.
(1986a)(1986b; 1986a)
Oryzias latipes - N R - dtw 7.2 40]20+1 96 h LC50  [mortality 17|p Yoshioka & Ose (1993)
Pimephales promelas 32d,185+2309 |Y F 99% nw/ [7.84+0.05 |45.1+0.25 26.7+0.20(96 h LC50  [mortality 11 Geiger et al. (1986)
mm, 0.101 dtw
+0.0371 g
Pimephales promelas 31d,18.6+1.981 |Y F 99% nw/ [7.82+0.05 |42.6+1.80 25.940.20(96 h LC50  [mortality 8.18 Geiger et al. (1986)
mm, 0.113 dtw
+0.0385 g
Pimephales promelas 32d,185+2309 |Y F 99% nw/ [7.84+0.05 |45.1+£0.25 26.7+0.20(96 h LCO mortality 8.6 Geiger et al. (1986)
mm, 0.101 dtw
+0.0371 g
Pimephales promelas 31d,18.6+1.981 |Y F 99% nw/ |7.82+0.05 [42.6+1.80 25.940.20(96 h LCO mortality 6.0 Geiger et al. (1986)
mm, 0.113 dtw
+0.0385 g
Pimephales promelas 120 g - S - - 7.4 44 17196 h LC50  |mortality 1-10 Mayer & Ellersieck
(1986)
Bacteria
Thiobacillus ferroxidans Y S - am 2.3]|- 35190 min EC39 [oxygen uptake 218]|q Torma & Itzkovitch
(1976)
Cyanophyta
Oscillatoriales sp. PCC 6402 N S - am - - 20+1 14d EC100 [biomass 50->100 |r Blanck et al. (1984)
Synechococcus leopoliensis Racib. UTEX 625 |N S - am |- - 20+1 14d EC100 [biomass 50->100 r Blanck et al. (1984)
Platyhelminthes
Dugesia japonica - N S - am  [~7 - 201 7d LC50 [mortality 10 Yoshioka et al. (1986a)
Dugesia japonica - N S - am [~7 - 201 7d EC50 |regeneration 4 Yoshioka et al. (1986a)
Protozoa
Tetrahymena pyriformis N S am 30|24 h EC50  [proliferation 20 Yoshioka et al. (1985)

Yoshioka et al. (1986b)

Notes

a: continuous lighting at 10£1 W/m?” with cool fluorescent light between 400 and 700 nm

b: continuous lighting at 10 W/m? with cool fluorescent light; initial density 0.16 pg/cm’

¢: continuous lighting at 10 W/m® with cool fluorescent light; initial density 0.16 pg/cm’; determined from data in figure between 12 and 48 h with a log-logistic dose-response
curve; exponential growth up to 48 h
d: According to OECD guideline 203. The value was calculated from reported environmental concentration/effect concentration and environmental concentration values.
e: fluorescent light with 17.0 W/m?; initial cell density: 1-10* cells/L, exponential growth up to 48 h; DIN 38412 part 9

f: UBA draft method

g: 12 h photoperiod, illumination by diffuse light

h: photoperiod 9:15 light:dark with fluorescent light; result based on nominal values

i: According to OECD guideline 202. The value was calculated from reported environmental concentration/effect concentration and environmental concentration values.

j: Streptoxkit F

k: ISO method (1975)




l: test according to Mann (1976)
m: EPA method 40 CFR part 797

n: Japanese Industrial Standard method (JIS K0102-1986-71)

o: 16:8 light:dark

p: According to OECD 203
g: one concentration tested

r: continuous lighting at 10+1 W/m?” with cool fluorescent light between 400 and 700 nm

Table A2.16. Chronic toxicity data for tris(n-butyl)phosphate (TBP) to freshwater organisms.

Species Species properties [Analysed |Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCOs] |[°C] time [mg/L]
Algae
Chlorella emersonii strain 211/8h N S - am - - 25+0.5 72h NOEC |growth rate <5 a Dave et al. (1979)
Chlorella emersonii strain 211/8h N S - am - - 2540.5 48 h EC10  [growth rate 4.7|b Dave et al. (1979)
Scenedesmus quadricauda N Sc am 7.0 55 2718 d NOEC |growth 3.2|c Bringmann and Kiihn
(1977b) (1978a; 1978b;
1979; 1980)
Scenedesmus subspicatus 8681 SAG N Sc - am  [8.0-9.3 55]24+1 48 h EC10 [AUC 0.44|d Kiihn & Pattard (1990)
Scenedesmus subspicatus 8681 SAG N Sc - am 8.0-9.3 55124+1 48 h EC10  [growth rate 0.66|d Kiihn & Pattard (1990)
Scenedesmus subspicatus 8681 SAG N Sc - am [8.0-9.3 55]24+1 72h EC10 [AUC 0.37|d Kiihn & Pattard (1990)
Scenedesmus subspicatus 8681 SAG N Sc - am [8.0-9.3 55]24+1 72h EC10  [growth rate 0.92|d Kiihn & Pattard (1990)
Pseudokirchneriella subcapitata |- - S - - - - 24196 h NOEC |growth inhibition 22 GDCh (1995) Burgess & Wirth (1990)
Crustacea
Daphnia magna <24 h, IRCHA Y R - am  |8.0+0.2 250(25+1 21d NOEC (reproduction 1.3]e Kiihn et al. (1989)
Daphnia magna - - - - - - - - 14d NOEC [reproduction 0.73|f Yoshioka & Ose (1993)
Daphnia magna - - - - - - - - 21d NOEC |- 3 Radix et al. (1999) Roman (1996)
Pisces
Brachydanio rerio eggs N R - ™w 7.3-8.5 100 25110d NOEC |[survival time 13.5|g Dave et al. (1981)
Oncorhynchus mykiss eggs N R - ™w 7.3-8.5 100|8+1 48d NOEC |survival time 83|g Dave et al. (1981)
Bacteria
Pseudomonas putida - N Sc - am 7.0 81.2 25|16 h NOEC |growth >100 h Bringmann & Kiihn
(1976; 1977b; 1979;
1980)
Cyanophyta
Microcystis aeruginosa - N Sc - am 7.0 55 2718d NOEC |growth 4.1(i Bringmann (1975);
Bringmann and Kithn
(1976; 1978b; 1978a)
Protozoa
Chilomonas paramaecium - N Sc - am 6.9 74.6 20148 h NOEC |growth 42 Bringmann et al. (1980)
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Species Species properties [Analysed |Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCOs] [[°C] time [mg/L]
Entosiphon sulcatum Stein N Sc - am 6.9 75.1 25|72 h NOEC |growth 14 Bringmann (1978)
Bringmann and Kiihn
(1979; 1980)
Uronema parduczi Chatton-Lwoff N Sc - am 6.9 75.1 25|20 h NOEC |growth 21 Bringmann and Kiihn
(1980)
Rotifera
Brachionus calyciflorus neonates 0-2 hold |N S - am 7.5|moderately hard 25(48 h NOEC (reproduction 3j Radix et al. (1999)
Brachionus calyciflorus neonates 0-2 hold [N S - am 7.5|moderately hard 25148 h EC10  [reproduction 6.4\j Radix et al. (1999)
Brachionus calyciflorus neonates 0-2 hold [N S - am 7.5|moderately hard 25148 h EC20  [reproduction 8.2(j Radix et al. (1999)
Brachionus calyciflorus neonates 0-2 hold [N S - am 7.5|moderately hard 25|48 h EC50  [reproduction 12.5)j Radix et al. (1999)

Notes

a: continuous lighting at 10 W/m? with cool fluorescent light; initial density 0.16 pg/cm’

b: continuous lighting at 10 W/m? with cool fluorescent light; initial density 0.16 pg/cm’; determined from data in figure between 12 and 48 h with a log-logistic dose-response

curve; exponential growth up to 48 h

c: light intensity 2800 lm; toxicity threshold is used as a NOEC
d: fluorescent light with 17.0 W/m2; initial cell density: 1-10* cells/L, exponential growth up to 48 h; DIN 38412 part 9
e: photoperiod 9:15 light:dark with fluorescent light; result based on nominal values

f: The value was calculated from reported environmental concentration/effect concentration and environmental concentration values.

g: 12 h photoperiod; NOEC from by authors from graphical interpolation; no feeding during test
h: toxicity threshold is used as a NOEC
i: light intensity 2800 Im; toxicity threshold is used as a NOEC

J: test performed in dark

Table A2.17. Acute toxicity data for tris(n-butyl)phosphate (TBP) to saltwater organisms.

Species Species properties |Analysed |[Test |Substance |Test |pH Salinity Temperature [Exposure  |Criterion [ Test endpoint Value |Notes |Reference

type [purity water [%o] [°C] time [mg/L]
Bacteria
Vibrio fischeri - N S - am |- 20 15 15 min EC50  |bioluminescence 80.7|a Guzzella & Galassi (1993)
Vibrio fischeri - N S - am |- 20 15 15 min ECI0 |bioluminescence 5.4[b Guzzella & Galassi (1993)
Crustacea
Artemia salina cysts N S ag W - 35[25+0.5 24 h LC50  |mortality 54.6|c Crisinel et al. (1994)

Notes
a: LUMIStox test

b: LUMIStox test, EC10 determined from EC50 and slope of the dose-response relationship
c: Artoxkit M; performed in the dark




Table A2.18. Chronic toxicity data for tris(n-butyl)phosphate (TBP) to saltwater organisms.

Species Species properties [Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure |Criterion|Test endpoint Value |Notes |Reference
type [purity water [%o] [°C] time [mg/L]

Bacteria

Vibrio fischeri - - - - am 7.5 35 27 22h NOEC |bioluminescence 3 a|Radix et al., 1999
Vibrio fischeri - - - - am 7.5 35 27 22h ECI10 bioluminescence 2.62 a|Radix et al., 1999
Vibrio fischeri - - - - am 7.5 35 27 22h EC20 bioluminescence 2.97 a|Radix et al., 1999
Vibrio fischeri - - - - am 7.5 35 27 22h EC50  [bioluminescence 3.69 a[Radix et al., 1999
Notes

a: Microtox test

Table A2.19. Toxicity data for tris(n-butyl)phosphate (TBP) to fresh water microbiological processes and enzyme activity.

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference

type |purity water [mg/L CaCO;] |[°C] time [mg/L]
activated sludge bacteria - - - - - - - - 3h EC50 oxygen consumption 300(a GDCh (1995) Bayer Ag data
activated sludge bacteria - - - - - - - - 3h EC50 [respiration 100|b GDCh (1995) Yoshioka et al. (1986b)
Notes
a: ISO 8192

b: OECD guideline 209
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Table A2.20. Acute toxicity data for tris(iso-butyl)phosphate (TiBP) to freshwater organisms.

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure |Criterion|Test endpoint Value |Notes |Reference

type [purity water [mg/L CaCOs] |[°C] time [mg/L]
Algae
Scenedesmus subspicatus - - - 98%|- - - - 72h EC50  [biomass 33|a BASF AG (1989)
Scenedesmus subspicatus - - - 98%|- - - - 72h EC50  [growth rate 34|a BASF AG (1989)
Scenedesmus subspicatus - - - 98%|- - - - 96 h EC50 [biomass 30|a BASF AG (1989)
Scenedesmus subspicatus - - - 98%]|- - - - 96 h EC50  [growth rate 18|a BASF AG (1989)
Crustacea
Daphnia magna - - - 98%]|- - - - 48h LC50  |mortality 11]b BASF AG (1989)
Daphnia magna - - - 98%]|- - - - 48h LCo mortality 5.8|b BASF AG (1989)
Pisces
Leuciscus idus - Y S 90%]|- - - - 96 h LC50 [mortality 17.8- c BASF AG (1978)
Oncorhynchus mykiss - Y F - - - - - 96 h NOEC |mortality 2 9.4|d TSCATS (1993)
Oncorhynchus mykiss - Y F - - - - - 96 h LC50  [mortality 23|d TSCATS (1993)
Oryzias latipes - Y S 90%]|- - - - 48 h LC50  [mortality 20|e BASF AG (1978)
Bacteria
Pseudomonas putida - - - 98%]|- - - - 30 min EC50  |respiration 440|f BASF AG (1989)
Pseudomonas putida - - - 98%]|- - - - 30 min EC10  |respiration 280|f BASF AG (1989)
Notes

a: DIN 38412 part 9

b: DIN 38412 part 11

c: DIN 38412, part 15

d: US EPA method

e: Japanese Industrial Standard, K 0102
f: DIN 38412, part 27

Table A2.21. Chronic toxicity data for tris(iso-butyl)phosphate (TiBP) to freshwater organisms.

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference

type |purity water [mg/L CaCOs] |[°C] time [mg/L]
Algae
Scenedesmus subspicatus - - - 98%]|- - - - 72 h EC10  [biomass 24|a BASF AG (1989)
Scenedesmus subspicatus - - - 98%]|- - - - 72 h EC10  [growth rate 25|a BASF AG (1989)
Scenedesmus subspicatus - - - 98%]|- - - - 96 h EC10  [biomass 22|a BASF AG (1989)
Scenedesmus subspicatus - - - 98%]|- - - - 96 h EC10  [growth rate 13]a BASF AG (1989)




Table A2.22. Acute toxicity data for tris(iso-butyl)phosphate (TiBP) to saltwater organisms.

Species Species Analysed Test [Substance |Test [pH Salinity Temperature [Exposure |Criterio |Test endpoint Value |Notes |Reference
properties type [purity water [%o0] [°C] time n [mg/L]
Bacteria
Vibrio fischeri N S - am |- 20 15 15 min EC50 |bioluminescence 129]a Guzzella & Galassi (1993)
Vibrio fischeri N S - am |- 20 15 15 min EC10 |bioluminescence 15(b Guzzella & Galassi (1993)

Notes
a: LUMIStox test

b: LUMIStox test, EC10 determined from EC50 and slope of the dose-response relationship

Table A2.23. Toxicity data for tris(iso-butyl)phosphate (TiBP) to fresh water microbiological processes and enzyme activity. All data are from IUCLID (European

Commission, 2000).

Species

Species properties

Analysed

Test

Substance |Test

pH

Hardness

Temperature

Exposure
time

Criterion [ Test endpoint

Value
[mg/L]

Notes |Reference

activated sludge bacteria

type

purity water

[mg/L CaCOs] |[°C]

30 min

EC10

oxygen consumption

390

a BASF AG (1984)

Notes
a: ISO 8192
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Table A2.24. Acute toxicity data for triethyl phosphate (TEP) to fresh water organisms.

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure |Criterion|Test endpoint Value |Notes [Reference Original reference
type [purity water [mg/L CaCO;] |[°C] time [mg/L]
Algae
Scenedesmus subspicatus - - S 99.8%|- - - 72h EC50 [growth 900.8(a GDCh (1989), European Bayer AG (1987b)
Commission (2000)
Pseudokirchneriella subcapitata |- - S - - - - 7d ECO growth rate 1000|b European Commission (2000) Boatman (1983)
Crustacea
Asellus intermedius 0.012¢g N S - nw  [6.5-8.5 130[20+1 96 h EC50  [mobility >100 Ewell et al. (1986)
Daphnia magna <24 h, Strauss, N S am  [8.0+0.2 250.2 20[24 h EC50  |immobility 900 Bringmann & Kiihn (1982)
IRCHA
Daphnia magna Straus N S am 250 20|24 h EC50  [immobility 950|c Kanie et al. (1983)
Daphnia magna - - S - - - - 24 h EC50 [mobility 2705(d GDCh (1989), European Bayer AG (1987a)
Commission (2000)
Daphnia magna - - S - - - - 96 h EC50  |mobility 350 GDCh (1989) Daugherty (1985)
Daphnia magna - - S - - - - 48 h LC50  [mortality 350(e European Commission (2000) Boatman (1983)
Daphnia magna first and second N S - nw 6.5-8.5 130[20+1 96 h EC50  [mobility >100 Ewell et al. (1986)
larval instar
Daphnia magna <24 h, Strauss, N S am 8.0+0.2 250.2 20(24 h ECO immobility 603|f Bringmann & Kiihn (1982)
IRCHA
Daphnia magna Straus N S am 250 20[24 h ECO immobility 500]|c Knie et al. (1983)
Gammarus fasciatus 0.007 g N S - nw [6.5-8.5 130[20+1 96 h EC50  [mobility >100 Ewell et al. (1986)
Pisces
Leuciscus idus - - - - - - - - 48 h LC50  |mortality >1000 GDCh (1989) Bayer AG (1978)
Leuciscus idus N S - - - - - 48 h LC50  |mortality 2140(g Knie et al. (1983)
Leuciscus idus N S - - - - - 48 h LCO mortality 1926(g Knie et al. (1983)
Oryzias latipes - - S - - - - - 48 h LC50  |mortality >500 |h European Commission (2000) CITI (1992)
Pimephales promelas - N S - - - - - 96 h EC50  |mobility >1070 |i European Commission (2000) Boatman (1983)
Pimephales promelas 02-05g N S - nw [6.5-8.5 130]20+1 96 h LC50  [mortality >100 Ewell et al. (1986)
Annelida
Lumbriculus variegatus 0.006 g N S - nw [6.5-8.5 130]20+1 96 h EC50  [mobility >100 Ewell et al. (1986)
Bacteria
Escherichia coli N Sc 16-18 h ECO 100000 GDCh (1989) Bayer AG (1978)
Pseudomonas fluorescens N Sc 16-18 h ECO 100000(j GDCh (1989), European Bayer AG (1978)
Commission (2000)
Pseudomonas putida N Sc am 30 min EC10  [oxygen consumption 2985k Knie et al. (1983)
Mollusca
Helisoma trivolvis 0.180 g N S - nw [6.5-8.5 130]20+1 96 h EC50  [mobility >100 Ewell et al. (1986)
Platyhelminthes
Dugesia tigrina 0.006 g N S - nw [6.5-8.5 130]20+1 96 h EC50  [mobility >100 Ewell et al. (1986)




Notes

a: according to DIN 38412 part 9, draft 1987

b: according to OECD guideline 201

c: according to DIN 38412 Teil 11

d: according to OECD guideline 202

e: according to method of Ewell et al. (1986)

f: photoperiod 16:8 h light:dark with 50 ft-c cool-white fluorescent light; species test in multi-species test (7)
g: according to DIN 38412 Teil 15

h: according to Japanese Industrial Standard (JIS K 0102-1986-71)
i: similar to OECD guideline 203

j: method DEV part 8, (1968)

k: Robra test (1976)

Table A2.25. Chronic toxicity data for triethyl phosphate (TEP) to fresh water organisms.

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure |Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]

Algae

Scenedesmus subspicatus - - S 99.8%|- - - 72h EC10  [growth 80.3|a GDCh (1989), European Bayer AG (1987b)
Commission (2000)

Crustacea

Daphnia magna - - - 99.8%]- - - 21|NOEC (reproduction <10 b GDCh (1989), Bayer AG (1987a)

Daphnia magna - - - 99.8%|- - - 21|(EC50 reproduction 729|b GDCh (1989), European Bayer AG (1987a)
Commission (2000)

Daphnia magna - - - 99.8%]- - - 21|EC50  [reproduction 830(c GDCh (1989), Bayer AG (1987a)

Daphnia magna - - - 99.8%]- - - 21|EC10  [reproduction 190|c GDCh (1989), Bayer AG (1987a)

Notes

a: according to DIN 38412 part 9, draft 1987
b: according to OECD guideline 202
c: according to OECD guideline 202; determined from presented data with log-logistic dose-response model

Table A2.26. Toxicity data for triethyl phosphate (TEP) to fresh water microbiological processes and enzyme activity. All data are from IUCLID (European
Commission, 2000).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference
type |purity water [mg/L CaCO;] [[°C] time [mg/L]
- - - - S5h EC50 respiration >5000 |a Boatman (1983)

activated sludge bacteria - -

Notes
a: OECD guideline 209
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Table A2.27. Acute toxicity data for triethyl phosphate (TEP) to salt water organisms.

Species Species properties |Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure |Criterion|Test endpoint Value Notes |Reference
type [purity water [%o] [°C] time [mg/L]
Crustacea
Nitroca spinipes adult, 3-6 w N S 98%|nw 7.8 10|96 h EC50  [mobility 950 Lindén et al. (1979)
Pisces
Alburnus alburnus ~8 cm N S 98% |nw 7.8 10|96 h LC50  [mortality 2100-2400 Lindén et al. (1979)
Table A2.28. Acute toxicity data for tris(2-butoxyethyl)phosphate (TBEP) to fresh water organisms.
Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value [Notes |Reference Original reference
type [purity water [mg/L CaCO;] |[°C] time [mg/L]
crustacea
Daphnia magna - - - - - - - 24h LC50 [mortality 84 IPCS (2000), European  |Monsanto (1984b)
Commission (2000)
Daphnia magna - - - - - - - 48 h LC50 [mortality 75 IPCS (2000), European  |Monsanto (1984b)
Commission (2000)
Daphnia magna - - - - - - - 48 h NOEC |mortality 32 IPCS (2000) Monsanto (1984b)
pisces
Oncorhynchus mykiss 96 h LC50  [mortality 24 a IPCS (2000) Wetton & Handley (1998)
Oncorhynchus mykiss 96 h NOEC |mortality 10 a IPCS (2000) Wetton & Handley (1998)
Oryzias latipes - - - - - - - 30 48 h LC50 [mortality 6.8 IPCS (2000), European  |Tsuji et al. (1986)
Commission (2000)
Oryzias latipes - - - - - - - 20 48 h LC50 [mortality 27 IPCS (2000), European  |Tsuji et al. (1986)
Commission (2000)
Oryzias latipes - - - - - - - 10 48h LC50  [mortality 44 IPCS (2000), European  |Tsuji et al. (1986)
Commission (2000)
Oryzias latipes - N R - dtw  [7.2 40 201 96 h LC50  |mortality 30 Yoshioka & Ose (1993)
Pimephales promelas 31d,19.6+2.010 |Y F 98% nw/ |7.844+0.05 |45.4+0.75 26.2+0.45 96 h LC50  [mortality 11.2 Geiger et al. (1986)
mm, 0.119+0.0465 dtw
g
Pimephales promelas 31d,19.6£2.010 |Y F 98% nw/ |7.84+0.05 |45.4+0.75 26.2+0.45 96 h LCI10  [mortality 9.29 Geiger et al. (1986)
mm, 0.119+0.0465 dtw
g
Pimephales promelas 22 96 h LC50  |mortality 16 IPCS (2000), European  [Monsanto (1984a)
Commission (2000)
Insecta
Culex tarsalis 4th instar, N S - dw |- - - 24h LC50  [mortality >1 Plapp & Tong (1966)
malathion resistant
strain

Notes

a: according to OECD guideline 203




Table A2.29. Acute toxicity data for tris(2-ethylhexyl)phosphate (TEHP) to fresh water organisms.

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type [purity water [mg/L CaCO;] |[°C] time [mg/L]
crustacea
Daphnia magna Y S - - - - - - LCO mortality >0.074 |a GDCh (2000) Bayer AG (1998)
fish
Brachydanio rerio - S - - 8.1-8.5 21.2-232 96 h LCo mortality >100 b GDCh (1997), IPCS (2000),  |Bayer AG (1982a)
European Commission (2000)
Oryzias latipes - S - - - - - 48 h LC50 [mortality >500 c European Commission (2000) |CITI (1992)
Insecta
Culex tarsalis 4th instar, N S dw - - - 24 h LC50  [mortality >1 Plapp & Tong (1966)
malathion resistant
strain
Protozoa
Tetrahymena pyriformis N S am |- - 30[24 h EC50  [proliferation 20|d GDCh (1997) Yoshioka et al.
(1985)

Notes

a: according to guideline 67/548/EEC; one concentrations testes at the solubility limit of the compound; measured concentration is the geometric mean of the concentration at the

begin and end of the test (0.11 and 0.05 mg/L)

b: UBA draft method (1982)

c: Japanese Industrial Standard (JIS K 0102-1986-71)

d: in the original study this compound is indicated as trioctyl phosphate.

Table A2.30. Toxicity data for tris(2-ethylhexyl)phosphate (TEHP) to fresh water microbiological processes and enzyme activity.

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCO;] [[°C] time [mg/L]
activated sludge - S - - 8.2-8.3 - 22.5[3h 1C50 respiration inhibition |>100 a GDCh (1997), IPCS (2000), Bayer AG (1982b)
European Commission (2000)
Notes

a: inhibition test E3002

Table A2.31. Acute toxicity data for triphenylphosphate (TPP) to freshwater organisms. Data are reported in the draft risk assessment report of the UK Environment

Agency (Environment Agency, 2003b).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type [purity water [mg/L CaCO;] |[°C] time [mg/L]

Algae

Ankistrodesmus falcatus acicularis - S pure am 8 - 20 28 h EC50  ([carbon uptake 0.26 a Wong & Chau (1984)

Pseudokirchneriella subcapitata |- N S - - - - - 96 h EC50  |cell density 2 b Mayer et al. (1981)

Scenedesmus quadricauda - - S pure am (8 - 20 28 h EC50  [carbon uptake 0.5 a Wong & Chau (1984)
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Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCOs] |[°C] time [mg/L]
natural algal community Hamilton, Lake |- S pure nw |- - 20 28 h EC50  [carbon uptake 0.2 c Wong & Chau (1984)
Ontario
Crustacea
Daphnia magna - N S - - - - - 48 h EC50  [mobility 1.35 d,e |European Commission (2000) [Ciba-Geigy Limited
(1981a)
Daphnia magna - N S - - - - - 48 h EC50  [mobility 1.0 Mayer et al. (1981)
Daphnia magna <24h N S 48 h EC50  [mobility 1.0 f Ziegenfuss et al. (1986)
Gammarus pseudolimnaeus mid-instar, 60-90 d|N S 99% nw [7.6 73 17 96 h EC50  [mobility 0.25 Huckins et al. (1991)
Pisces
Carassius auratus 0.8-28¢g N N - dtw |- - 25 96 h LC50 mortality 0.70 Sasaki et al. (1981)
Ictalurus punctatus 023 g Y N - - 7.5 38 22 96 h LC50  [mortality 0.42 d Mayer & Ellersieck (1986)
Gambusia affinis ~0.2-0.26 - S >99% tw - - 23 96 h NOEC |mortality 0.2 Environment Agency (2003b) [Solomon et al.
(1999)
Lepomis macrochirus 33-75 mm N S - nw [7.6-7.9 55 23196 h LC50  [mortality 290|g Dawson et al. (1975-1977)
Lepomis macrochirus 0.5-1.0g N S 99% nw [7.6 73 22 96 h LC50  [mortality 0.78 Huckins et al. (1991)
Leuciscus idus - - - - - - - - 96 h LC50 [mortality >5 e Environment Agency (2003b) |Bayer (2002)
Oncorhynchus mykiss fry, 12 d past - S 99% nw |75 272 - 96 h LC50  [mortality 0.36 h Palawski et al. (1983)
swim-up, 0.11 g,
24 mm
Oncorhynchus mykiss fry, 12 d past - S 99% nw |75 272 - 96 h EC50  [immobility 0.30 h Palawski et al. (1983)
swim-up, 0.11 g,
24 mm
Oncorhynchus mykiss 06¢g Y S - - 7.4 40 12 96 h LC50  |mortality 0.37 d Mayer & Ellersieck (1986)
Oncorhynchus mykiss fry N S - - 7.2 272 12 96 h LC50 [mortality 0.4 d Mayer et al. (1981)
Oncorhynchus mykiss 094 g N S - tw 7.8-8.1 172 15 96 h LC50  [mortality 0.85 i European Commission (2000) [Ciba-Geigy Limited
(1981b)
Oncorhynchus mykiss fingerling, 45 d N S - ™w 7.0-7.2 40-48 12 96 h LC50  [mortality 0.32 Environment Agency (2003b) |Sitthichaikasem
(1978)
Oncorhynchus mykiss fingerling, 45 d Y F - nw [7.4-7.5 295-305 12 96 h LC50  [mortality >0.45 Environment Agency (2003b) |Sitthichaikasem
(1978)
Oncorhynchus mykiss sac fry, 10 d N S - ™w 7.0-7.2 40-48 12 96 h LC50  [mortality 0.31 Environment Agency (2003b) [Sitthichaikasem
(1978)
Oncorhynchus mykiss sac fry, 10 d Y F - nw [7.4-75 295-305 12 96 h LC50  |mortality >0.45 Environment Agency (2003b) |Sitthichaikasem
(1978)
Oryzias latipes 0.1-02¢g N S - dtw |- - 25 96 h LC50 [mortality 1.2 Sasaki et al. (1981)
Pimephales promelas 29d,17.0£1.395 |Y F 98%|nw/dt |7.78+ 0.04 [45.6+0.75 24.5+0.38 96 h LC50 mortality 0.87 i Geiger et al. (1986)
mm, 0.071+0.0245 w
g
Pimephales promelas 1.00 g Y N - - 7.3 44 22 96 h LC50  [mortality 1.0 d Mayer & Ellersieck (1986)
Pimephales promelas - N S - - - - - 96 h LC50 [mortality 0.66 d Mayer et al. (1981)
Bacteria
Escherichia coli - . - - - - B . 24h ECO |- 200 Environment Agency (2003b) |OECD (2002)
Pseudomonas fluorescens - - - - - - - - 24h ECO - 200 Environment Agency (2003b) |OECD (2002)




Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]

Cyanophyta

Anabaena flos-aquae - - S pure am |- - 20 4h EC16  [nitrogenase activity |0.1 k Wong & Chau (1984)

Anabaena flos-aquae - - S pure am |- - 20 4h EC23  [nitrogenase activity |1 k Wong & Chau (1984)

Anabaena flos-aquae - - S pure am |- - 20 4h EC32  [nitrogenase activity |5 k Wong & Chau (1984)

Fungi

Aspergillus niger - - - - - - - 30 24h NOEC |spore germination  [>1631 |1 Environment Agency (2003b) |Eto et al. (1975)

Aspergillus niger - - - - - - - 30 min EC9 oxygen uptake 163 Environment Agency (2003b) |OECD (2002)

Insecta

Chironomus riparius 4™ instar N S 99% nw (7.6 73 22 48 h EC50  [mobility 0.36 Huckins et al. (1991)

Chironomus tentans 2" instar, 10-14 d S 48 h EC50  [mobility 1.6 f Ziegenfuss et al. (1986)

Mollusca

Pomacea canaliculata L., 35-40d S 98% nw |75 26 72 h LC50  [mortality 38.2 g Lo & Hsieh (2000)

Protozoa

Tetrahymena pyriformis - N S >95% - - - - 40h EC50  |growth inhibition 5.05 Sinks & Schultz (2001)

Notes

a: 4.7-10* cells/mL; photoperiod 16:8 light:dark at 5000 lux

b: US EPA method

c: photoperiod 16:8 light:dark at 5000 lux

d: EPA-660/3-75-009 method

e: marked as not assignable in the draft risk assessment report

f: ASTM method

g: marked as invalid in the draft risk assessment report

h: extrapolated LC50. For immobility the effect percentages were 4, 7 and 34, for mortality 0, 5 and 6. Such a value is assigned as invalid in the framework of INS

i: OECD 203 method

j: cited in the draft environmental risk assessment report as Sinks and Schultz (2001). Here the original reference is given.

k: nitrogenase activity was measured with the acetylene reduction technique. Test performed at 5000 lux.

1: 2.5-10° cells/mL
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Table A2.32. Chronic toxicity data for triphenylphosphate (TPP) to freshwater organisms. Data are reported in the draft risk assessment report of the UK
Environment Agency (Environment Agency, 2003b).

Species Species properties |Analysed [Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type [purity water [mg/L CaCO;] |[°C] time [mg/L]
Algae
Ankistrodesmus falcatus acicularis - S pure am (8 - 20 72h NOEC |growth rate, biomass (0.1 a Wong & Chau (1984)
Ankistrodesmus falcatus acicularis - S pure am 8 - 20 22d NOEC [growth rate, biomass |0.1 a Wong & Chau (1984)
Chlorella vulgaris CCAP211/11b [N S - am |- 47 2 72h NOEC  |biomass (AUC) 1 b Millington et al. (1988)
Chlorella vulgaris CCAP 211/11b N S - am - 18 22 72h NOEC |biomass (AUC) 1 c Millington et al. (1988)
Chlorella vulgaris CCAP 211/11b N S - am - 22 22 72 h NOEC |biomass (AUC) 1 d Millington et al. (1988)
Pseudokirchneriella subcapitata [CCAP 278/4 N S - am |- 47 22 72h NOEC |biomass (AUC) 0.1 b Millington et al. (1988)
Pseudokirchneriella subcapitata (CCAP 278/4 N S - am |- 18 22 72h NOEC |biomass (AUC) 1 c Millington et al. (1988)
Pseudokirchneriella subcapitata (CCAP 278/4 N S - am |- 22 22 72 h NOEC |biomass (AUC) 0.5 d Millington et al. (1988)
Scenedesmus subspicatus CCAP 276/20 N S - am |- 47 22 72h NOEC |biomass (AUC) 0.1 b Millington et al. (1988)
Scenedesmus subspicatus CCAP 276/20 N S - am |- 18 22 72 h NOEC [biomass (AUC) 1 c Millington et al. (1988)
Scenedesmus subspicatus CCAP 276/20 N S - am |- 22 22 72h NOEC [biomass (AUC) 0.5 d Millington et al. (1988)
Pisces
Oncorhynchus mykiss sac fry Y F - nw (7.2 272 12+1 90 d NOEC |mortality, growth, >0.0014 Mayer et al. (1981)
development
Oncorhynchus mykiss sac fry, 10 d - F - nw |7.4-75 295-305 12 30d ECI0 [growth 0.037 Environment Agency (2003b) |Sitthichaikasem
Oncorhynchus mykiss sac fry, 10 d - F - nw [7.4-75 295-305 12 30d NOEC |growth <0.055 Environment Agency (2003b) (Slitgtlz?ghaikasem
Oncorhynchus mykiss fingerling, 45d |- F - nw [7.4-75 295-305 12 30d NOEC |growth (length) 0.055 Environment Agency (2003b) (Slitgtlz?ghaikasem
Oncorhynchus mykiss sac fry, 10 d - F - nw [7.4-75 295-305 12 30d LC50  [growth 0.24 Environment Agency (2003b) (Slitgtﬁ?c)haikasem
Oncorhynchus mykiss fingerling, 45d |- F - nw [7.4-75 295-305 12 30d LC50  [growth 0.26 Environment Agency (2003b) (Slitgtﬁ?c)haikasem
Pimephales promelas ELS Y F - - - - - 30d NOEC |hatchability, growth, (>0.23 Mayer et al. (1981) ()
development
Pimephales promelas ELS Y F - - - - - 30d NOEC |mortality 0.087 Mayer et al. (1981)

Notes

a: 4.7-10* cells/mL; photoperiod 16:8 light:dark at 5000 lux

b: OECD 201 method; 10* cells/mL; Bold's basal medium; continuous light

¢: OECD 201 method; 10* cells/mL; OECD medium; continuous light
d: OECD 201 method; 10* cells/mL; US EPA medium; continuous light




Table A2.33. Acute toxicity data for triphenylphosphate (TPP) to saltwater organisms. Data are reported in the draft risk assessment report of the UK Environment
Agency (Environment Agency, 2003b).

Species Species properties |Analysed [Test [Substance |Test [pH Salinity Temperature |Exposure [Criterion|Test endpoint Value Notes |Reference
type [purity water [%0] [°C] time [mg/L]
Crustacea
Mysidopsis bahia - N S - - - - - 96 h LC50  [mortality 0.18-0.32 |a Mayer et al. (1981)
Pisces
Menidia beryllina 40-100 mm N S - ™w - - 20 96 h LC50  [mortality 95 b Dawson et al. (1975-1977)
Cyprinodon variegatus - N S - - - - - 96 h LC50 [mortality 0.32-0.56 |a Mayer et al. (1981)
Notes

a: EPA-660/3-75-009 method
b: marked as invalid in the draft risk assessment report

Table A2.34. Additional toxicity data for triphenylphosphate (TPP) to fresh water organisms not included in the draft risk assessment report of the UK Environment
Agency (Environment Agency, 2003b).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure |Criterion|Test endpoint Value |Notes |Reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]

Algae

Ankistrodesmus falcatus acicularis - S pure am 8 - 20 28 h EC50 [growth rate 0.57 a Wong & Chau (1984)

Ankistrodesmus falcatus acicularis - S pure am 8 - 20 28 h EC10 [growth rate 0.016 a Wong & Chau (1984)

Ankistrodesmus falcatus acicularis - S pure am (8 - 20 5d EC50 |growth rate 0.41 b Wong & Chau (1984)

Ankistrodesmus falcatus acicularis - S pure am (8 - 20 5d ECI0 |growth rate 0.016 [b Wong & Chau (1984)

Chlorella vulgaris CCAP 211/11b N S - am |- 47 22 96h,5d |NOEC [biomass (AUC)and |1 c Millington et al. (1988)
growth rate

Chlorella vulgaris CCAP 211/11b N S - am |- 18 22 96h,5d |NOEC [biomass (AUC)and |1 d Millington et al. (1988)
growth rate

Chlorella vulgaris CCAP 211/11b N S - am |- 22 22 96h,5d |NOEC [biomass (AUC)and |1 e Millington et al. (1988)
growth rate

Pseudokirchneriella subcapitata [CCAP 278/4 N S - am |- 47 22 96h,5d [NOEC |biomass (AUC)and (0.1 c Millington et al. (1988)
growth rate

Pseudokirchneriella subcapitata [CCAP 278/4 N S - am |- 18 22 96h,5d [NOEC |biomass (AUC)and (1 d Millington et al. (1988)
growth rate

Pseudokirchneriella subcapitata (CCAP 278/4 N S - am |- 22 22 96h,5d [NOEC |biomass (AUC)and (0.1 e Millington et al. (1988)
growth rate

Pseudokirchneriella subcapitata |CCAP 278/4 N S - am |- 47 22 72h,96h |EC50 [growth rate 1.0 f Millington et al. (1988)

Pseudokirchneriella subcapitata |CCAP 278/4 N S - am |- 47 22 72h EC10  [growth rate 0.53 f Millington et al. (1988)

Pseudokirchneriella subcapitata |CCAP 278/4 N S - am - 47 22 96 h EC10  [growth rate 0.76 f Millington et al. (1988)

Pseudokirchneriella subcapitata |CCAP 278/4 N S - am |- 18 22 72h,96h |EC50 |growth rate >5 g Millington et al. (1988)

Pseudokirchneriella subcapitata (CCAP 278/4 N S - am |- 22 22 72h,96h |EC50 |growth rate 1.1 h Millington et al. (1988)

Pseudokirchneriella subcapitata (CCAP 278/4 N S - am |- 22 22 72 h EC10  [growth rate 0.40 h Millington et al. (1988)
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Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]
Pseudokirchneriella subcapitata |CCAP 278/4 N S - am - 22 22 96 h EC10  [growth rate 0.45 h Millington et al. (1988)
Scenedesmus subspicatus CCAP 276/20 N S - am - 47 22 96h,5d |NOEC |biomass (AUC)and [0.1 c Millington et al. (1988)
growth rate
Scenedesmus subspicatus CCAP 276/20 N S - am |- 18 22 96 h NOEC |biomass (AUC)and 0.5 d Millington et al. (1988)
growth rate
Scenedesmus subspicatus CCAP 276/20 N S - am |- 18 22 5d NOEC |biomass (AUC) and |1 d Millington et al. (1988)
growth rate
Scenedesmus subspicatus CCAP 276/20 N S - am |- 22 22 96h,5d |NOEC [biomass (AUC)and |1 e Millington et al. (1988)
growth rate
Pisces
Lepomis macrochirus 33-75 mm S - nw [7.6-7.9 55 23196 h LC50 [mortality 380|j Dawson et al. (1975-1977)
Lepomis macrochirus 33-75 mm N S - nw 7.6-7.9 55 23196 h LC10 [mortality 180(k Dawson et al. (1975-1977)
Oncorhynchus mykiss fry, 12 d past - - - - - - - 96 h EC50  [immobility 0.24 1 Palawski et al. (1983)
swim-up
Pimephales promelas 29d,17.0+1.395 |Y F 98%|nw/dt [7.78+ 0.04 [45.6+0.75 24.5+0.38 96 h EC10  [mortality 0.75 Geiger et al. (1986)
mm, 0.071+0.0245 w
g
Cyanophyta
Anabaena flos-aquae - - S pure am |- - 20 4h EC10  [nitrogenase activity |0.01 m Wong & Chau (1984)
Anabaena flos-aquae - - S pure am |- - 20 4h EC50 [nitrogenase activity [120 m Wong & Chau (1984)
Anabaena flos-aquae - - S pure am |- - 20 28 h EC10 [nitrogenase activity [0.076 m Wong & Chau (1984)
Anabaena flos-aquae - - S pure am |- - 20 28 h EC50 [nitrogenase activity |15 m Wong & Chau (1984)
Insecta
Chironomus riparius 4th instar N S 99% nw [7.6 73 22 48h EC50  [mobility 0.44 J Huckins et al. (1991)
Chironomus riparius 4th instar N S 99% nw [7.6 73 22 48h EC10  [mobility 0.20 k Huckins et al. (1991)
Culex tarsalis 4th instar, N S - dw |- - - 24h LC50 [mortality >1 Plapp & Tong (1966)

malathion resistant
strain

Notes

a: 4.7-10* cells/mL; photoperiod 16:8 light:dark at 5000 lux; determined with log-logistic model, growth rate determined from presented data on carbon uptake
b: 4.7-10* cells/mL; photoperiod 16:8 light:dark at 5000 lux; determined with log-logistic model from presented data after log-transformation; data from 2-5 days of exposure used,

lag-time 2 d

¢: OECD 201 method; 10* cells/mL; Bold's basal medium; continuous light

d: OECD 201 method; 10 cells/mL; OECD medium; continuous light

e: OECD 201 method; 10* cells/mL; US EPA medium; continuous light
f: OECD 201 method; 10* cells/mL; Bold's basal medium; continuous light; determined from presented data with a log-logistic model
g: OECD 201 method; 10* cells/mL; OECD medium; continuous light; determined from presented data with a log-logistic model

h: OECD 201 method; 10* cells/mL; US EPS medium; continuous light; determined from presented data with a log-logistic model
j: LC50 recalculated with log-logistic equation

k: LC10 calculated from original data with log-logistic equation

l: mean value from 5 acute toxicity studies performed at Columbia National Fisheries Research Laboratory



m: test performed at 5000 lux; determined with a log-logistic model from presented data

Table A2.35. Additional toxicity data for triphenylphosphate (TPP) to saltwater organisms not included in the draft risk assessment report of the UK Environment
Agency (Environment Agency, 2003b).

Species Species properties |Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure [Criterion | Test endpoint Value |Notes |Reference

type _|purity water [%0] [°C] time [mg/L]
Pisces
Menidia beryllina 40-100 mm N S - ™w - - 20196 h LC50  [mortality 98la Dawson et al. (1975-1977)
Menidia beryllina 40-100 mm N S - ™w - - 20(96 h LCI0  [mortality 92[b Dawson et al. (1975-1977)
Notes

a: LC50 recalculated with log-logistic equation
b: LC10 calculated from original data with log-logistic equation

Table A2.36. Acute toxicity data for tricresylphosphate (TCP) to freshwater organisms. Data are reported in the draft risk assessment report of the UK Environment
Agency (Environment Agency, 2003a).

Species Species properties |Analysed [Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type [purity water [mg/L CaCOs] [[°C] time [mg/L]

Algae

Ankistrodesmus falcatus - - S pure am (8 - 20 28 h EC50  [carbon uptake 2.5 a,d [Wong & Chau (1984)

Ankistrodesmus falcatus - - S pure am (8 - 20 28 h EC50  [carbon uptake >5 b,d [Wong & Chau (1984)

Ankistrodesmus falcatus - - S pure am (8 - 20 28 h EC50  [carbon uptake >5 ¢,d [Wong & Chau (1984)

Scenedesmus pannonicus - - S pract. am |- - 2342 96 h EC50  [growth 1.5 e Adema et al. (1981)

Scenedesmus quadricauda - - S pure am 8 - 20 28h EC50  [carbon uptake 4.2 ad Wong & Chau (1984)

Scenedesmus quadricauda - - S pure am 8 - 20 28h EC50  [carbon uptake >5 b,d |Wong & Chau (1984)

Scenedesmus quadricauda - - S pure am (8 - 20 28 h EC50  [carbon uptake >5 c,d [Wong & Chau (1984)

Natural algal community - - S pure nw |- - 20 28 h EC50  [carbon uptake 1.7 a,d [Wong & Chau (1984)

Natural algal community - - N pure nw - - 20 28h EC50  [carbon uptake 4.1 b,d [Wong & Chau (1984)

Natural algal community - - S pure nw - - 20 28h EC50  [carbon uptake >5 c,d [Wong & Chau (1984)

Crustacea

Daphnia magna - - S pract. am |- - - 48 h EC50  [immobility 5.6 f Adema et al. (1981; 1983)

Daphnia magna - - S pract. am - - - 48 h NOEC |immobility 0.18 f Adema et al. (1981; 1983)

Daphnia magna - N S - - - - - 48h EC50 immobility 0.27 European Commission (2000) Union Carbide

Daphnia magna - N S - - - - - 48 h NOEC |immobility 0.1 European Commission (2000) 8:170?1)Carbide

(1979)
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Species Species properties |Analysed [Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original reference
type  [purity water [mg/L CaCO;] |[°C] time [mg/L]
Pisces
Brachydanio rerio 4-5wand 1-2d [N - - - - - - 96 h LC50  [mortality >1.0 van den Dikkenberg et al. (1989)
Brachydanio rerio 4-5wand1-2d |N - - - - - - 96 h NOEC |behaviour 0.18 van den Dikkenberg et al. (1989)
Ictalurus punctatus 13g Y F - - 7.4 44 12 96 h LC50  |mortality 0.80 Mayer & Ellersieck (1986)
Jordanella floridae 4-5w N R pract. am |- - 2342 96 h LC50  [mortality 5.0 van den Dikkenberg et al. (1989)
Jordanella floridae 4-5w N R pract. am |- - 2342 96 h NOEC |behaviour 1.0 van den Dikkenberg et al. (1989)
Gasterosteus aculeatus 4-5w Y R pract. am 8.2+0.2 208 19+1 96 h LC50 mortality 0.44 g van den Dikkenberg et al. (1989)
Gasterosteus aculeatus 4-5w Y R pract. am 8.2+0.2 208 19+1 96 h NOEC [behaviour 0.16 g van den Dikkenberg et al. (1989)
Lepomis macrochirus 33-75 mm N S - nw  [7.6-7.9 55 23 96 h LC50  [mortality 7000 Dawson et al. (1975-1977)
Lepomis macrochirus 0.02g N N ™ 7.0-7.2 40-48 22 96 h LC50  [mortality >100 c Environment Agency (2003a) Sitthichaikasem
Lepomis macrochirus 0.60 g Y F - - 7.4 44 12 96 h LC50  |mortality 0.15 Mayer & Ellersieck (1986) ()
Lepomis macrochirus 0.60 g Y F - - 7.6 314 12 96 h LC50  |mortality 0.082 Mayer & Ellersieck (1986)
Oncorhynchus mykiss 023¢g Y F - - 7.4 44 12 96 h LC50  |mortality 0.26 Mayer & Ellersieck (1986)
Oncorhynchus mykiss 0.50 g Y F - - 7.4 44 12 96 h LC50  |mortality 0.40 Mayer & Ellersieck (1986)
Oncorhynchus mykiss - N S - - 7.4 42 - 96 h LC50  [mortality 0.75 European Commission (2000) Union Carbide
Oryzias latipes - N R - dtw (7.2 40 20+1 96 h LC50  |mortality 6.7 Yoshioka & Ose (1993) (s
Oryzias latipes 4-5w N pract. am - - 23+2 96 h LC50  [mortality 4.9 van den Dikkenberg et al. (1989)
Oryzias latipes 4-5w N pract. am - - 2342 96 h NOEC |behaviour 1.8 Adema et al. (1981);; van den
Dikkenberg et al. (1989)
Perca flavescens 0.70 g Y F - - 7.4 242 12 96 h LC50  [mortality 0.50 Mayer & Ellersieck (1986)
Pimephales promelas - N S - - 7.23 44 - 96 h LC50  [mortality >100 European Commission (2000) Union Carbide
Poecilia reticulata 34w N R pract. am |- - 2342 96 h LC50  [mortality 4.0 h Adema et al. (1981; 1983) (e
Poecilia reticulata 3-4w N R pract. am |- - 2342 96 h NOEC |behaviour 1.0 h Adema et al. (1981; 1983); van
den Dikkenberg et al. (1989)
Poecilia reticulata 3-4w N R pract. am |- - 2342 96 h LC50  [mortality 55 h Adema et al. (1981); van den

Dikkenberg et al. (1989)

Notes

a: ortho-isomer
b: meta-isomer
C: para-isomer

d: 4.7-10* cells/mL; photoperiod 16:8 h light:dark at 5000 lux
e: in line with OECD 201; ~5000 lux; 10* cells/mL

f: in line with OECD 202
g: photoperiod 16:8 h light:dark
h: in line with OECD guidelines (203); results from tests performed at two laboratories; NOEC is the same for both tests




Table A2.37. Chronic toxicity data for tricresylphosphate (TCP) to freshwater organisms. Data are reported in the draft risk assessment report of the UK
Environment Agency (Environment Agency, 2003a). Additional information for the fish toxicity tests is retrieved from Canton et al. (1984)

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference Original reference
type |purity water [mg/L CaCO;] |[°C] time [mg/L]
Algae
Scenedesmus pannonicus - - S pract. am |- - 2342 4d NOEC |growth 0.32 a Adema et al. (1981; 1983)
Crustacea
Daphnia magna <ld - R pract. am - - 19+1 21d NOEC [reproduction 0.1 b Adema et al. (1981; 1983)
Pisces
Brachydanio rerio embryo-larval - - - - - - - - NOEC |mortality, 0.0056 |c van den Dikkenberg et al. (1989)
development, growth
Brachydanio rerio embryo-larval - - - - - - - - NOEC |embryonic 0.32 c van den Dikkenberg et al. (1989)
development,
hatching time
Gasterosteus aculeatus <6 h eggs N R pract. am 8.2+0.2 208 19+1 35d NOEC |mortality and 0.0010 |d van den Dikkenberg et al. (1989)
sublethal effects
Gasterosteus aculeatus <6 h eggs N R pract. am 8.2+0.2 208 19+1 35d LC50 mortality 0.0017 |d van den Dikkenberg et al. (1989)
Gasterosteus aculeatus <6 h eggs N R pract. am 8.2+0.2 208 19+1 35d EC50  [mortality and 0.0013 |d van den Dikkenberg et al. (1989)
sublethal effects
Gasterosteus aculeatus <6 h eggs N R pract. am 8.2+0.2 208 19+1 35d NOEC |embryo stage 0.0032 |d van den Dikkenberg et al. (1989)
Gasterosteus aculeatus <6 h eggs N pract. am 8.2+0.2 208 19+1 35d NOEC |growth 0.00032 (d van den Dikkenberg et al. (1989)
Jordanella floridae eggs, <6 h, ELS |- R pract. am - - 2342 42 d; max |NOEC |development 0.01 c,e Adema et al. (1983); van den
28 post- Dikkenberg et al. (1989)
hatching
Jordanella floridae eggs, <6 h, ELS |- R pract. am |- - 2342 42 d; max |NOEC [embryonic 1.0 c van den Dikkenberg et al. (1989)
28 post- development,
hatching hatching time
Oncorhynchus mykiss yearling - F ~75% - - - - 120d NOEC |sublethal effects 0.9 Environment Agency (2003a) Lockhart et al.
(1975)
Oryzias latipes embryo-larval - - - - - - - - NOEC |mortality 0.01 c van den Dikkenberg et al. (1989)
Oryzias latipes embryo-larval - - - - - - - - NOEC [embryonic 0.032 c van den Dikkenberg et al. (1989)
development,
hatching time
Poecilia reticulata 34w - R pract. am - - 2342 28d NOEC |mortality and growth [1.0 c,f Adema et al. (1981; 1983); van

den Dikkenberg et al. (1989)

Notes

a: in line with OECD 201; ~5000 lux; 10* cells/mL

b: same results from two laboratories; in line with OECD guidelines (202)
c: data from Adema et al.

d: photoperiod 16:8 h light:dark

e: according to OECD procedures (OECD 210)

f: according to OECD procedures (OECD 204)
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Table A2.38. Acute toxicity data for tricresylphosphate (TCP) to saltwater organisms. Data are reported in the draft risk assessment report of the UK Environment
Agency (Environment Agency, 2003a).

Species Species properties |Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference
type |purity water [%0] [°C] time [mg/L]
Pisces
Menidia beryllina 40-100 mm N S - ™w - - 20 96 h LC50  [mortality 8700 a Dawson et al. (1975-1977)

Notes

a: marked as invalid in the draft risk assessment report

Table A2.39. Additional toxicity data for tricresylphosphate (TCP) to freshwater organisms not included in the draft risk assessment report of the UK Environment
Agency (Environment Agency, 2003a).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original
type _|purity water [mg/L CaCO;] |[°C] time [mg/L] reference

Algae
Ankistrodesmus falcatus acicularis - S pure am (8 - 20 28 h EC50  [growth rate 4.6 a,d [Wong & Chau (1984)
Ankistrodesmus falcatus acicularis - S pure am (8 - 20 28 h EC10  [growth rate 0.029 [a,d |Wong & Chau (1984)
Ankistrodesmus falcatus acicularis - S pure am (8 - 20 28h EC50  [growth rate 15 b,d |[Wong & Chau (1984)
Ankistrodesmus falcatus acicularis - S pure am 8 - 20 28 h EC10  [growth rate 0.094 [b,d |Wong & Chau (1984)
Ankistrodesmus falcatus acicularis - S pure am 8 - 20 28 h EC10  [growth rate >5 c,d Wong & Chau (1984)
Scenedesmus pannonicus - - S pract. am |- - 2342 4d EC50  [growth 38,13 [e,f |Ademaetal. (1981)
Scenedesmus pannonicus - - S pract. am |- - 2342 4d NOEC |growth 0.56 e,f |Adema etal. (1981)
Scenedesmus pannonicus - - S pract. am |- - 2342 14d EC50  [growth 1.5 e Adema et al. (1981)
Scenedesmus pannonicus - - S pract. am |- - 2342 14d NOEC |growth 0.32 e Adema et al. (1981)
Chlorella pyrenoidosa - - S pract. am |- - 2342 4d NOEC |growth >1.0 e Adema et al. (1981)
Euglena gracilis - - S pract. am |- - 2342 4d NOEC |growth >1.0 e Adema et al. (1981)
Pseudokirchneriella subcapitata |- - S pract. am |- - 2342 4d NOEC [growth <1.0 g Adema et al. (1981)
Pseudokirchneriella subcapitata |- - S pract. am |- - 2342 4d EC50 [growth >1.0 g Adema et al. (1981)
Stephanodiscus hantzschii - - S pract. am |- - 1742 4d NOEC |growth 0.056 |h Adema et al. (1981)
Stephanodiscus hantzschii - - S pract. am |- - 1742 4d EC50 |growth 0.29 h Adema et al. (1981)
Crustacea
Daphnia magna - - S pract. am |- - - 48 h EC50  [immobility 3.6 Adema et al. (1981)
Daphnia magna - - pract. am |- - - 48 h EC50  [immobility 1.0 Adema et al. (1981)
Daphnia magna <1d - R pract. am |- - 19+1 21d EC50  [immobility >0.1 f Adema et al. (1981)

S0

<1.0
Daphnia magna <ld - R pract. am |- - 1941 21d NOEC [immobility 0.1,0.32 |f Adema et al. (1981)




Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original
type |purity water [mg/L CaCOs] |[°C] time [mg/L] reference
Pisces
Brachydanio rerio 4-5w N - - - - - - 96 h LC50  [mortality 59 f Canton et al. (1984)
Brachydanio rerio 4-5w N - - - - - - 96 h NOEC |mortality 0.56,3.2 [f Canton et al. (1984)
Brachydanio rerio 4-5w N - - - - - - 96 h NOEC |behaviour 0.32 f Canton et al. (1984)
Brachydanio rerio 1-2d N - - - - - - 96 h LC50  [mortality 0.4 f Canton et al. (1984)
Brachydanio rerio 1-2d N - - - - - - 96 h NOEC |mortality 0.24, f Canton et al. (1984)
0.10
Brachydanio rerio embryo-larval - - - - - - - - NOEC [mortality 0.018;0. i Canton et al. (1984)
0056;0.0
056;0.00
56;0.01;
0.01;0.0
032
Brachydanio rerio embryo-larval - - - - - - - - NOEC |egg development >0.056;>|i Canton et al. (1984)
0.056;0.
32;>0.18
;>0.18;0.
18;0.32)
Brachydanio rerio embryo-larval - - - - - - - - NOEC |growth 0.018;:>0(i Canton et al. (1984)
.018;0.0
16;0.056
;>0.1;0.0
32;0.018
Carassius auratus 3 inch N S technical |- - - 20 7d LC50 mortality <1 a Eldefrawi et al. (1977)
Gasterosteus aculeatus 4-5w N R pract. am 8.2+0.2 208 19+1 96 h LC50 [mortality 0.51 j van den Dikkenberg et al. (1989)
Gasterosteus aculeatus 4-5w N R pract. am 8.2+0.2 208 19+1 96 h NOEC |mortality and 0.18 j van den Dikkenberg et al. (1989)
behaviour
Jordanella floridae 1-2d N R pract. am - - 2342 96 h LC50  [mortality 2.1 Adema et al. (1981)
Jordanella floridae 1-2d N R pract. am - - 2342 96 h NOEC [mortality 1.0 Adema et al. (1981)
Jordanella floridae 1-2d N R pract. am - - 2342 96 h NOEC |behaviour 0.56 Adema et al. (1981)
Jordanella floridae 4-5w N R pract. am - - 2342 96 h NOEC |mortality 1.8 Adema et al. (1981); Canton et al.
(1984)
Jordanella floridae <36 h N R pract. am |- - 2342 28d LC50  [mortality >0.01 Adema et al. (1981)
<0.032
Jordanella floridae <36 h N R pract. am |- - 2342 28d NOEC |mortality and growth |0.01 Adema et al. (1981)
Jordanella floridae <36 h N R pract. am |- - 2342 28d NOEC |egg development 1.0 Adema et al. (1981)
Lepomis macrochirus 33-75 mm N S - nw |7.6-7.9 55 23 96 h LC50  [mortality 6500 k Dawson et al. (1975-1977)
Lepomis macrochirus 33-75 mm N S - nw |7.6-7.9 55 23 96 h LC10  [mortality 3900 1 Dawson et al. (1975-1977)
Oncorhynchus mykiss N S 7.4 42 96 h NOEC  [mortality <0.56 European Commission (2000) Union Carbide
(1978a)
Oryzias latipes 1-2d N R pract. am - - 2342 96 h LC50 [mortality 13 Adema et al. (1981)
Oryzias latipes 1-2d N R pract. am - - 2342 96 h NOEC [mortality 32 Adema et al. (1981)
Oryzias latipes 1-2d N R pract. am - - 2342 96 h NOEC |behaviour 0.32 Adema et al. (1981)
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Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure (Criterion|Test endpoint Value |Notes |Reference Original
type |purity water [mg/L CaCOs] |[°C] time [mg/L] reference

Oryzias latipes 4-5w N R pract. am - - 2342 96 h LC50  [mortality >3.2<10 Adema et al. (1981); Canton et al.

Oryzias latipes 4-5w N R pract. am - - 2342 96 h NOEC |mortality 32 (Al(?fri)a et al. (1981); Canton et al.

Oryzias latipes <36h N R pract. am |- - 2342 7d LC50 [mortality 0.08 5\1331?111 etal. (1981)

Oryzias latipes <36h N R pract. am |- - 2342 7d NOEC |mortality 0.032 Adema et al. (1981)

Oryzias latipes <36h N R pract. am |- - 2342 28d NOEC  |mortality <0.032 Adema et al. (1981)

Oryzias latipes <36h N R pract. am |- - 2342 28d NOEC |egg development 0.1 Adema et al. (1981)

Oryzias latipes embryo-larval - - - - - - - - NOEC [growth 0.032 Canton et al. (1984)

Pimephales promelas N 72 44 96 h NOEC [mortality 56 Union Carbide 1978

Poecilia reticulata 34w N R pract. am - - 2342 96h, 1w [NOEC |mortality 1.8,1.0 [f Adema et al. (1981; 1983); van den

Dikkenberg et al. (1989)

Poecilia reticulata 34w - R pract. am |- - 2342 7d LC50  [mortality 3.7,3.5 |f Adema et al. (1981)

Poecilia reticulata 34w - R pract. am |- - 2342 14d LC50  [mortality 28,25 |f Adema et al. (1981)

Poecilia reticulata 34w - R pract. am |- - 2342 28d LC50 [mortality and growth |2.6,2.2 [f Adema et al. (1981)

Poecilia reticulata 34w - R pract. am |- - 2342 28d NOEC |mortality and growth (1.0, 1.0 |f Adema et al. (1981)

Cyanophyta

Microcystis aeruginosa - - S pract. am |- - 2342 4d growth >1.0 m Adema et al. (1981)

Insecta

Culex tarsalis 4th instar, N S - dw - - - 24h LC50 [mortality >1 n Plapp & Tong (1966)

malathion resistant
strain

Notes

a: ortho-isomer
b: meta-isomer
C: para-isomer

d: 4.7-10* cells/mL; photoperiod 16:8 h light:dark at 5000 lux; determined with log-logistic model; growth rate determined from presented data on carbon uptake
e: in line with OECD 201; ~5000 lux; 10* cells/mL
f: results from tests performed at two laboratories
g: in line with OECD 201; ~2500 lux; ca. 5-10* cells/mL
h: in line with OECD 201; ~1500 lux; ca. 10* cells/mL

i: data from seven tests

j: photoperiod 16:8 h light:dark

k: LC50 recalculated with log-logistic equation

1: LC10 calculated from original data with log-logistic equation
m: in line with OECD 201; ~2500 lux; ca. 5:10° cells/mL

n: all isomers tested




Table A2.40. Additional toxicity data for tricresylphosphate (TCP) to saltwater organisms not included in the draft risk assessment report of the UK Environment
Agency (Environment Agency, 2003a).

Species Species properties |Analysed |[Test [Substance |Test [pH Salinity Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference
type |purity water [%0] [°C] time [mg/L]
Pisces
Menidia beryllina 40-100 mm N S - ™w - 20196 h LC50 [mortality 9100(a Dawson et al. (1975-1977)
Menidia beryllina 40-100 mm N S ™w - 20196 h LC10  [mortality 5600(b Dawson et al. (1975-1977)

Notes

a: LC50 recalculated with log-logistic equation

b: LC10 calculated from original data with log-logistic equation

Table A2.41. Toxicity data for tricresylphosphate (TCP) to fresh water microbiological processes and enzyme activity. Data are reported in the draft risk assessment

report of the UK Environment Agency (Environment Agency, 2003a).

Species Species properties |Analysed |[Test [Substance |Test [pH Hardness Temperature |Exposure [Criterion|Test endpoint Value |Notes |Reference
type |purity water [mg/L CaCOs] [[°C] time [mg/L]
activated sludge bacteria NOEC >1000 |a Bayer (2002)

Notes
a: OECD guideline 209
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Appendix 3. Terrestrial toxicity data

Legend
Species/process/activity

Soil type
o.m.

Clay
Temperature

Exposure time
Criterion

Result test soil

Result standard soil

species used in the test, if available followed by age, size, weight
or life stage, or microbial processes and enzymatic activity of the
soil

description of the used type of soil

organic matter content of the soil

clay content of the soil

temperature during exposure

h = hours, d = days, w = weeks, m = months, min. = minutes
L(E)Cx = test result showing x% mortality (LCx) of effect (ECx).
LC50s and EC50s are usually determined for acute effects, EC10s
are for chronic effects; NOEC = no observed effect concentration,
statistically determined

Concentration in the used test soil corresponding to the L(E)Cx or
NOEC

Concentration corresponding to the L(E)Cx or NOEC normalised
to standard soil (containing 10% organic matter and 25% clay)
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Table A3.1. Terrestrial toxicity data for tris(2-chloroethyl)phosphate (TCEP). All data are from the draft EU-RAR (European Commission, 2004c).

Species/process/activity Species properties |Soil type pH o.m. Clay Temperature Exposure |Criterion Test endpoint Result test soil |Result standard soil |Notes |Reference

[%] [%] [°C] time [mg/kgaw] [mg/kgaw]
Macrophyta
Avena sativa loamy sand, LUFA 2.2 5.6 2.29 20 16d NOEC growth 10 44 a,b Roémbke et al. (1995)
Avena sativa loamy sand, LUFA 2.2 5.6 2.29 20 16d EC50 growth 64 279 a Rombke et al. (1995)
Annelida
Eisenia andrei OECD artificial soil 6+0.5 10 30 20+2 14d NOEC mortality >1000 >1000 c Rombke et al. (1995)
Eisenia andrei OECD artificial soil 6+0.5 10 30 20+2 14d NOEC growth 577 577 c Rombke et al. (1995)
Insects
Folsomia candida >3 mm loamy sand, LUFA 2.1 5.9-64 [1.21 2042 24 h LC50 mortality >1000 >2860 d Rombke et al. (1995)
Folsomia candida loamy sand, LUFA 2.1 5.9-64 [1.21 2042 28d LC50 mortality 66.5 550 d Rombke et al. (1995)
Folsomia candida loamy sand, LUFA 2.1 5.9-64 [1.21 2042 28d LC10 mortality 193 160 d Rombke et al. (1995)
Folsomia candida loamy sand, LUFA 2.1 5.9-6.4 [1.21 20+2 28d EC50 reproduction 131.9 1090 d Rombke et al. (1995)
Folsomia candida loamy sand, LUFA 2.1 59-6.4 [1.21 20+2 28d EC10 reproduction 44.6 369 d Rombke et al. (1995)
Poecilus cupreus quartz sand 20+2 14d EC28 feeding rate 5 e Rombke et al. (1995)
Pardosa quartz sand 22 14d LC42 mortality 5 f Rombke et al. (1995)
Microbial activity and
enzymatic activity
Dehydrogenase activity natural sandy soil 1.53 6.9 202 28d ECI15 5 33 g Rombke et al. (1995)
Dehydrogenase activity natural sandy soil 1.53 6.9 20+2 28d EC42 50 327 g Rombke et al. (1995)
Dehydrogenase activity natural loamy soil 3.74 29.5 20+2 28d EC20 50 134 g Roémbke et al. (1995)

Notes

a: According to OECD guideline 208, slightly modified; two days of seed germination and seedling emergence followed by 14 d exposure, photoperiod 16:8 h light:dark at least 7000 lux

b: Due to heterogeneity of the data, the NOEC could not be established statistically, NOEC is therefore considered not valid according to INS guidance
¢: According to a BBA guideline (very similar to OECD guideline 207); constant light at 400-800 Lux

d: According to a BBA guideline (Riepert, 1991) which corresponded to the analogous ISO draft; constant light at 250-500 Lux

e: Bait-lamina test (BBA guideline VI, 23-2.1.8, 1991). One concentration tested, no mortality or any behavioral effects.
f: BBA guideline (draft, 1992), one concentration tested; 22 °C in the dark

g: From these two effect percentages an EC10 of 2.4 mg/kg would be estimated and the EC50 85 mg/kg. This corresponds to concentrations in standard soil of 15 and 550 mg/kg. With the third
value for the second soil included the EC10 and EC50 in standard soil are 28 and 590 mg/kg in standard soil.




Table A3.2. Terrestrial toxicity data for tris(2-chloro-1-methylethyl)phosphate (TCPP). All data are from the draft EU-RAR (European Commission, 2004b).

Species/process/activity Species properties |Soil type pH o.m. Clay Temperature Exposure |Criterion Test endpoint Result test soil |Result standard soil |Notes |Reference

[%] [%] [°C] time [mg/kgaw] [mg/kgaw]
annelida
Eisenia foetida - - - 10 - - 14d LC50 mortality 97 97 a|Wetton (1996a)
Eisenia foetida - - - 10 - - 14d NOEC mortality 32 32 a|Wetton (1996a)
Eisenia fetida - - - 10 - - 56d NOEC mortality >196 >196 b|Servajean (2003b)
Eisenia fetida - - - 10 - - 56d NOEC biomass 116 116 b|Servajean (2003b)
Eisenia fetida - - - 10 - - 56d NOEC reproduction 53 53 b|Servajean (2003b)
Eisenia fetida - - - 10 - - 56d EC50 reproduction 71 71 b|Servajean (2003b)
macrophyta
Triticum aestivum 14 NOEC emergence >98 >700 c|Servajean (2003a)
Triticum aestivum 14 NOEC dry weight 22 157 c|Servajean (2003a)
Sinapsis alba 1.4 NOEC emergence 30 214 c[Servajean (2003a)
Sinapsis alba 1.4 NOEC dry weight 29 207 c[Servajean (2003a)
Lactuca sativa 1.4 NOEC emergence 17 121 c|Servajean (2003a)
Lactuca sativa 1.4 NOEC dry weight 18 129 c|Servajean (2003a)

Notes

a: OECD guideline 207, result based on nominal concentrations, labelled use with care

b: OECD draft guideline, result based on nominal concentrations

c: OECD guideline 208, result based on nominal concentrations

Table A3.3. Terrestrial toxicity data for tris(2-chloro-1-(chloromethyl)ethyl)phosphate (TDCP). All data are from the draft EU-RAR (European Commission, 2004a).

Species/process/activity Species properties |Soil type pH o.m. Clay Temperature |Exposure Criterion Test endpoint Result test soil |Result stand. soil |Notes Reference
(o] |[%] [*C] time [mg/kgn] [mg/kgay]
annelida
Eisenia foetida - - - 10 - - 14d LC50 mortality 130 130 a|Wetton (1996b)
Eisenia foetida - - - 10 - - 14d NOEC mortality 100 100 a|Wetton (1996b)

Notes

a: OECD guideline 207; result based on nominal concentrations
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Table A3.4. Terrestrial toxicity data for triethyl phosphate (TEP). All data are from IUCLID (European Commission, 2000).

Species/process/activity Species properties |Soil type pH o.m. Clay Temperature |Exposure Criterion Test endpoint Result test soil |Result standard soil [Notes [Reference
[%] [%] [°C] time [mg/kg] [mg/kgyy]
annelida
Eisenia foetida - artificial soil - - 14d LC50 mortality >1000 a|Bayer AG data
Eisenia foetida - artificial soil 14d NOEC mortality 100 a|Bayer AG data

Notes

a: OECD guideline 207; concentrations measured

Table A3.5. Terrestrial toxicity data for tri(2-ethylhexyl)phosphate (TEHP). All data are from GDCh (2000).

Species/process/activity Species properties Soil type pH o.m. Clay Temperature |Exposure Criterion Test endpoint Result test soil |Result standard soil [Notes [Reference
[%] [%] [*C] time [mg/kgs] [mg/kgyw]
annelida
Eisenia foetida - 10 201- 14d NOEC weight loss 562 562|a Bayer AG (1998)
Eisenia foetida - 10 201- 14d LCo mortality >1000 >1000(a Bayer AG (1998)

Notes

a: OECD guideline 207
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Appendix 4. Bioconcentration factors

Legend
Species

Analysed
Test type

Substance purity
Hardness/salinity

Test water

Exposure time
Depuration half-life
BCF

Method

species used in the test, if available followed by age, size, weight
or life stage

Y = test substance analysed in test solution

N = test substance not analysed in test solution or no data

S = static, Sc = static with closed test vessels, R = static with
renewal, F = flow through

percentage active ingredient, or chemical grade of purity.
freshwater: hardness expressed as mg CaCOs/L

saltwater: salinity expressed in %o

am = artificial medium, dtw = dechlorinated tap water, dw =
dechlorinated water, nw = natural water, rw = reconstituted water
(+additional salts), tw = tap water

h = hours, d = days, w = weeks, m = months, min. = minutes
half-life of the compound in the organisms, equal to In(2)/k2
Bioconcentration factor

k1/k2: BCF calculated as the quotient of uptake rate (k1) and
depuration rate (k2), mostly determined independently during an
uptake and a depuration phase. equilibrium: BCF determined as
the quotient of the concentrations in fish and water at equilibrium
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Table A4.1. Bioconcentration factors for the studies phosphate esters.

Species Species Analysed |Test [Substance |Test [pH Hardness/ |Temperature |Exposure [(Initial) exposure [Depuration |BCF Method Reference Original reference
properties type |purity water Salinity [°C] time concentration half-life (h)|[L/kg]
[mg/L]
TCEP
Carp (Cyprinus carpio) S 42d 1 0.6-0.8 European Commission |CITI (1992)
Carp (Cyprinus carpio) S 42d 0.1 <1.2-5.1 gt?r?)f)‘;)an Commission |CITI (1992)
Goldfish (Carassius auratus) GC-FID |[S 25 96 h 2.1 0.9 (Szazgi?)et al. (1981)
Killifish (Oryzias latipes) GC-FID |[S 25 96 h 2.1 22 Sasaki et al. (1981)
Killifish (Oryzias latipes) S 96 h 0.3-8.5 1.4-2.2 Sasaki (1982)
Killifish (Oryzias latipes) F 5d 12.7 0.7h 1.1 Sasaki (1982)
Killifish (Oryzias latipes) F 11d 23 0.7h 1.3 Sasaki (1982)
TCPP
Carp (Cyprinus carpio) S 42d 0.2 0.8-2.8 European Commission |CITI (1992)
Carp (Cyprinus carpio) S 42d 0.02 <1.9-4.6 gt?r?)ite)ln Commission |CITI (1992)
(2004b)
TDCP
Carp (Cyprinus carpio) S 42d 0.02 0.3-3.3 European Commission |CITI (1992)
Carp (Cyprinus carpio) S 42d 0.002 <2.2-22 gt?r?)f)?an Commission |CITI (1992)
Goldfish (Carassius auratus) GC-FID |[S 25 96 h 1 3-5 (Sza(;gi?)et al. (1981)
Killifish (Oryzias latipes) GC-FID |[S 25 96 h 1 77-113 Sasaki et al. (1981)
Killifish (Oryzias latipes) S 96 h 0.3-1.2 47-107 Sasaki (1982)
Killifish (Oryzias latipes) F 3-32d 0.04-0.4 1.65h 31-59 Sasaki (1982)
TBP
Goldfish (Carassius auratus) GC-FID S 25 96 h 4 6-11 Sasaki et al. (1981)
Killifish (Oryzias latipes) GC-FID |[S 25 96 h 4 30-35 Sasaki et al. (1981)
Killifish (Oryzias latipes) S 0.2-0.06 11-49 Sasaki (1982)
Killifish (Oryzias latipes) F 0.84-0.1 1.25 16-27 Sasaki (1982)
TEHP
Carp (Cyprinus carpio) N 2 2.4-6.5 GDCh (1997) CITI (1992)
Carp (Cyprinus carpio) S 0.2 9.2-22 GDCh (1997) CITI (1992)
TPP
Bleak (Alburnus alburnus) 5¢g GC-N/P |F technical [nw  |7.6-7.9 |7%o 10 14 d+14d 400 Bengtsson et al. (1986)
Goldfish (Carassius auratus) GC-FID |[S produc 25 96 h 0.25 110-150 Sasaki et al. (1981)




Species Species Analysed |Test [Substance |Test [pH Hardness/ |Temperature |Exposure [(Initial) exposure [Depuration |BCF Method Reference Original reference
properties type |purity water Salinity [°C] time concentration half-life (h)|[L/kg]
[mg/L]
Killifish (Oryzias latipes) GC-FID S 25 96 h 0.25 250-500 Sasaki et al. (1981)
Killifish (Oryzias latipes) F 25 18d 0.009-0.01 1.2 84 Sasaki (1982)
Killifish (Oryzias latipes) S 25 157-390 Sasaki (1982)
Killifish (Oryzias latipes) F in mixture 25 32-35d 189-193 Sasaki (1982)
Lake trout (Salvelinus namaycush) eggs F technical 120d 0.0026-0.016 886+521 Environment Agency [Mayer et al.
product (2003b) (1993)
Fathead minnow (Pimephales F technical 0.001-0.176 1482+702 Environment Agency [Cleveland et al.
promelas) product (1007-1958) (2003b) (1986)
Rainbow trout (Oncorhynchus mykiss) technical 90 d 180-280 Environment Agency |Lombardo & Egry
product (2003b) (1979)
Rainbow trout (Oncorhynchus mykiss) N 12 271 IPCS (1991b) Sitthichaikasem
(1978)
Rainbow trout (Oncorhynchus mykiss) |fry GC-FID |F 12 90d 0.00022-0.0014 |13 271480 Mayer (1981)
Rainbow trout (Oncorhynchus mykiss) [0.75 g LSC S dtw 10 24 h+18 d [0.005, 0.050 42.5 1368+329 k1/k2 independent ~ |Muir et al. (1983)
Rainbow trout (Oncorhynchus mykiss) [0.75 g LSC S dtw 10 24 h+18 d [0.005, 0.050 42.5 573497 k1/k2, k1 implied by |Muir et al. (1983)
fitted k2
Rainbow trout (Oncorhynchus mykiss) [0.75 g LSC S dtw 10 24 h+18d [0.005, 0.050 42.5 9314122 k1/k2, k1 non-linear |Muir et al. (1983)
regression
Rainbow trout (Oncorhynchus mykiss) [0.75 g hexane, S dtw 10 24 h+18 d [0.005, 0.050 20.7 324499 k1/k2, k1 implied by |Muir et al. (1983)
GC-N/P fitted k2
Fathead minnow (Pimephales 25¢g LSC S dtw 10 24 h+18 d [0.005, 0.050 49.6 1743+282 k1/k2 independent  |Muir et al. (1983)
promelas)
Fathead minnow (Pimephales 25¢g LSC S dtw 10 24 h+18 d [0.005, 0.050 49.6 561+115 k1/k2, k1 implied by |Muir et al. (1983)
promelas) fitted k2
Fathead minnow (Pimephales 25¢g LSC S dtw 10 24 h+18d |0.005, 0.050 49.6 218+55 k1/k2, k1 non-linear |Muir et al. (1983)
promelas) regression
Fathead minnow (Pimephales 25¢g hexane, S dtw 10 24 h+18d [0.005, 0.050 30.0 420425 k1/k2, k1 implied by [Muir et al. (1983)
promelas) GC-N/P fitted k2
m-TCP
Rainbow trout (Oncorhynchus mykiss) |0.75 g LSC S dtw 10 24h+18d [0.005, 0.050 303 11624313 |k1/k2 independent  [Muir et al. (1983)
Rainbow trout (Oncorhynchus mykiss) |0.75 g LSC S dtw 10 24h+18d [0.005, 0.050 303 784+82 k1/k2, k1 implied by |Muir et al. (1983)
fitted k2
Rainbow trout (Oncorhynchus mykiss) [0.75 g LSC S dtw 10 24 h+18 d [0.005, 0.050 30.3 1102+137 k1/k2, k1 non-linear |Muir et al. (1983)
regression
Rainbow trout (Oncorhynchus mykiss) 0.75 g hexane, |S dtw 10 24h+18d [0.005, 0.050 258 310452 k1/k2, k1 implied by [Muir et al. (1983)
GC-N/P fitted k2
Fathead minnow (Pimephales 25g LSC S dtw 10 24 h+18d [0.005, 0.050 59.2 16534232 k1/k2 independent  [Muir et al. (1983)
promelas)
Fathead minnow (Pimephales 25¢g LSC S dtw 10 24 h+18 d [0.005, 0.050 59.2 596+103 k1/k2, k1 implied by |Muir et al. (1983)
promelas) fitted k2
Fathead minnow (Pimephales 25¢g LSC S dtw 10 24 h+18d [0.005, 0.050 59.2 385492 k1/k2, k1 non-linear |Muir et al. (1983)
promelas) regression
Fathead minnow (Pimephales 25¢g hexane, S dtw 10 24 h+18 d [0.005, 0.050 533 46243 k1/k2, k1 implied by |Muir et al. (1983)
promelas) GC-N/P fitted k2
p-TCP
Daphnia magna LSC IF 22 24h 0.00015 722 Boethling & Cooper Sitthichaikasem
(1985) (1978)

RIVM report 601501024

page 117 of 118



RIVM report 601501024

page 118 of 118

Species Species Analysed |Test [Substance |Test [pH Hardness/ |Temperature |Exposure [(Initial) exposure [Depuration |BCF Method Reference Original reference
properties type |purity water Salinity [°C] time concentration half-life (h)|[L/kg]
[mg/L]
Lepomis macrochirus 0.64 g, LSC IF 22 4w 0.00015 1589 Environment Agency |Sitthichaikasem
36.4 mm (2003a) (1978)
Rainbow trout (Oncorhynchus mykiss) (0.75 g LSC S dtw 10 24 h+18d |0.005, 0.050 722 2768+641 k1/k2 independent  [Muir et al. (1983)
Rainbow trout (Oncorhynchus mykiss) (0.75 g LSC S dtw 10 24 h+18d |0.005, 0.050 722 1420+42 k1/k2, k1 implied by [Muir et al. (1983)
fitted k2
Rainbow trout (Oncorhynchus mykiss) (0.75 g LSC S dtw 10 24 h+18d |0.005, 0.050 722 1466+138 k1/k2, k1 non-linear |Muir et al. (1983)
regression
Rainbow trout (Oncorhynchus mykiss) [0.75 g hexane, S dtw 10 24 h+18d [0.005, 0.050 65.4 770424 k1/k2, k1 implied by |Muir et al. (1983)
GC-N/P fitted k2
Fathead minnow (Pimephales 25g LSC S dtw 10 24 h+18d [0.005, 0.050 90.0 21994227 k1/k2 independent  [Muir et al. (1983)
promelas)
Fathead minnow (Pimephales 25¢g LSC S dtw 10 24 h+18 d [0.005, 0.050 90.0 928+78 k1/k2, k1 implied by |Muir et al. (1983)
promelas) fitted k2
Fathead minnow (Pimephales 25g LSC S dtw 10 24 h+18d |0.005, 0.050 90.0 588+129 k1/k2, k1 non-linear [Muir et al. (1983)
promelas) regression
Fathead minnow (Pimephales 25¢g hexane, S dtw 10 24 h+18 d [0.005, 0.050 73.7 709+76 k1/k2, k1 implied by |Muir et al. (1983)
promelas) GC-N/P fitted k2
TCP
Oncorhynchus mykiss yearling  [hydrolysis |F Technical, 4m 0.9 10 (muscle) Environment Agency |Lockhart et al.
to cresols 2% 0-TCP, 169 (gut) (2003a) (1975)
42% m-
TCP, and
31% p-
TCP
Bleak (Alburnus alburnus) 5g GC-N/P  |F technical |nw  [7.6-7.9 [7%0 10 14 d+14d 400-800 Bengtsson et al. (1986)
product
Pimephales promelas 6m F nw  [7.49+0. |45.5+0.97 |25 32d 0.0316 165 Veith et al. (1979)
15 mg/L




